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A B B R E V I A T I O N S 
ADP . . . . Adenosine diphosphate 
PME . . . . P-mercaptoethanol 
BSA Bovine serum albumin 
DEC Diethylcarbamazine 
DTT Dithiothreitol 
FRD . . . . Fumarate reductase 
GDP . . . . Guanosine diphosphate 
hr . . . . hour 
LDH Lactic dehydrogenase 
MDH . . . . Malic dehydrogenase 
mf . . . . Microfilariae 
min . . . . minute 
NEM N-ethyimaleimide 
NADH^ . . . . Nicotinamide adenine dinucleotide 
NADP . . . . Nicotinamide adenine dinucleotide 
OAA Oxalacetic acid 
PEP . . . . Phosphoenol pyruvate 
PEPCK . . . . PEP carboxykinase 
PK . . . . Pyruvate kinase 
PMSF . . . . Phenylmethyl sulphonyl f luoride 
SDH . . . . Succinate dehydrogenase 
TFP . . . . Trifluoperazine 
INTRODUCTION AND REVIEW OF LITERATURE 
Parasitic infections are a menace to humans and livestock 
in the tropics and are estimated to affect about three billion 
people in the wor ld . As compared to the developed world^ where 
considerable progress has been made in combating major diseases, 
infestations by parasites have remained a major obstacle for 
economic growth, productivity and better l iv ing conditions in 
developing and underdeveloped countries. The various diseases 
caused by helminth parasites are ascariasis, enterobiasis, f i l a r i -
asis, strongyloidiasis including hookworms and trichuriasis. Nearly 
250 million people are infected with f i lar ia l parasites which do 
not cause acute mortality but they are debilitating and cause large 
loss to the economy of the developing nations which are already 
plagued by the problem of over population, food shortages and 
poor hyg enic conditions. 
Though ironically the parasitic infection should be in 
theory easy to deal with^ as the cause of the disease is already 
known, however, not enough agents have been discovered in the 
last three decades in controlling these parasitic scourges. In 
view of their alarming prevalence and lack of costs to combat 
parasitic diseases^ World Health Organisation fe l t compelled to 
adapt three helminthic diseases including f i lar ias is in its special 
programme of research and training for the control of tropical 
diseases. 
To create keen interest and better perspectives in anti-
parasitic chemotherapy, emphasis on comparative biochemical in-
vestigations on the host and parasite are needed to identify poten-
tial metabolic targets and enzyme act iv i t ies for selective inhibition. 
It i s known that as compared to their hosts, these parasites 
have many deficiencies in their metabolism. The over simplif ied 
pathways are usually indispensible for the survival of the para-
sites and this represents points of their vulnerability. The para-
sites should have their defence mechanism to protect themselves 
and survive in the face of host's immunological attacks and proteo-
ly t i c digestion. According to Wang (198'f)^ the parasites have 
acquired extra-synthetic machinery which is needed for survival . 
And finally the mere evolutionary distance between the host and 
parasite provide ample differences among individual enzymes or 
functional pathways to allow specif ic inhibition. 
Fi lariasis, representative of a class of disease caused 
by "Thread l ike " worms of the family Filaribidaeof phylum nematoda, 
is a chronic arthropod transmitted disease of great public health 
importance. The population exposed to the risk of f i lar ias is 
in India has increased from 25 million in 1955 to 304 million in 
1982, out of which about 3 million are exposed to Brugia malayi 
(Rao, 1982). An estimated 22 million are known to harbour cir-
culating microfi lariae (mf ) and another 16 million suffer from 
f i lar ia l manifestations ('Ghatak ^ ,, 1987). Filarial symptoms 
had been discovered as early as 600 B.C, however, the cause 
of the disease was discovered only about a century ago. The 
microfi lariae were f i rst seen in 1863 by a Frenchman M.Demarquay 
in a patient's hydrocoele f lu id . Then in 1866 W. Wucherer, a 
German, found an unknown worm in a Brazilian patient which was 
later identified to be that of f i lar ia . In 1876, J. Bancroft recog-
nised the parasite in the blood of a patient in Brisbane (Australia). 
Thus the parasite finally derived its present name Wuchereria 
bancrofti and the disease as "Bancroftian f i lar ias is " . The infect-
ion does not always result in a disease, it may just die out, 
however, the infected person though symptomless and free from 
discomfort becomes a carr ier . 
Distribution of filariasis in India 
Filarial patients are found in Andhra Pradesh, Assam, 
Kerala, Madhya Pradesh, Uttar Pradesh and West Bengal while 
western and northern States of India do not report any cases. 
However, due to increase in industrial development and migration 
of communities, many new areas are coming under the f i lar ia in-
fested regions. 
"Elephantiasis", the terminal stage of f i lar iasis is known 
to cause swelling of appendages of the body, l ike legs, breasts 
and scrotum. About 500 different species of f i lar ia l parasites 
are known that infect different animals. Seven species of f i lar ia l 
worms are known to infect human beings. They are Wuchereria 
bancrofti, Onchocerca volvulus, Brugia malayi, Loa loa, Acantho-
cheilonema perstans, A. streptocerca and Mansonella ozzardi. 
W. bancrofti and 0 . volvulus are the common pathogens of man 
residing in lymphnodes and subcutaneous nodules. Human beings 
are also occasionally infected with dog heart worm (Dirof i laria 
immitis) . The species of f i lar ia l parasites infecting animals and 
birds are Brienlia sergenti. (slow lo r i s ) , Brugia pahangi (dog, 
cat, monkey), Brugia patei (dog, cat, genet), Dipetalonema viteae 
(rodents) , D. gracile (monkey), Dirofilaria uniformis ( rabb i t ) , 
Litomosoides carinii (cotton ra t ) , Onchocerca ral l iet i (donkey) , 
Chandlerella hawkingi (jungle crow) . The bovine f i lar ia l worms 
are Onchocerca gutturosa, Setaria digitata and cerv i . 
Life cycle 
Filarial parasites have three distinct phases of develop-
ment in their l i f e cycle v i z . , mf, infective larvae (L^) and adult. 
The mf are present in peripheral blood while adult worms reside 
in the circulatory system, lymph, muscles, connective tissues 
or serous cavit ies of vertebrates. L^ stage is present in the 
gut of intermediate arthropod host. 
The complex l i f e cycle of the parasite starts when the 
mosquito (arthropod host) sucks the blood containing mf and the 
development of mf into L^ stage takes place in the insect gut. 
When the infected mosquito bites healthy persons, L^ are ingested 
which undergo further development into adult worms within the 
host, mature and lodge in the lymphatics. They produce embryo, 
release mf which enter the blood stream^ from here they can be 
again taken up by the mosquito vector and thus the cycle goes 
on. The adult worms can l i ve for 10-lS years in the host, while 
mf have a l i f e span of ik-lO days. The mf released exhibit 
two biologically different forms: one periodic with nocturnal 
periodicity of the mf and the second-subperiodic with diurnal 
periodicity. The vector of the periodic form are Culex 
quinquefasciatus and C. fatigans. The subperiodic form is trans-
mitted by an anepheline vector Aedes.. aegypti. 
Pathophysiology of the disease 
The disease could be divided into two distinct clinical 
syndromes. One is caused by adult or developing worms and 
is referred as classical f i lar ias is while the other is caused by 
immunohyper responsiveness of the human host against mf pro-
ducing occult f i lar iasis or typical pulmonary eosinophilia. In 
some individuals, the worms l i v e in harmony with the host without 
producing clinical symptoms. 
Drugs for treatment of filarial Infection 
The drug currently used in treating f i lar ia l patients is 
diethylcarbamazine (DEC) which exerts no direct action on the 
mf but it modifies them so that they are engulfed by phagocytes 
and then removed from the circulation. In lymphatic f i lar ias is 
emphasis has been to find drugs or improving formulations of 
DEC but advances made are slow. Unfortunately the main vector 
C. quinquefasclatus has become resistant to most insecticides and 
larv ic ides . Better drugs, specially macrofilaricides are needed 
for curing f i l a r ias is . According to the existing literature the 
following compounds have been used as antifilarial drugs. 
Diethylcarbamazine; A piperazine derivative DEC introduced by 
Hewitt ^ in IS'f? showed microfilaricidal activity against 
L . carini i , W. bancrofti (Sarkar, 1969), A. viteae (Cavier ^ 
ad., 1971), B. sergenti (Natarajan et ai_., 1973) and 0. volvulus 
(Langham and Krammer, 1980). It has macrofilaricidal activity 
against B. malayi and B. pahangi (Wilson, 1930; Edeson and Laing, 
1959). DEC has no or only poor activity against mf or adult 
worms under iji v i t ro conditions (Hawking, 1966; Natarajan, 1973). 
Levamisole; A microf i laricidal drug l ike DEC and is active against 
developing and adult D. immitis in dog (TulJoch and Anderson, 
1971), L. carinii in Mastomys natalensis (Lammler ^ , 1971), 
0 . volvulus in chimpanzees (Duke, 197^ )^, B. pahangi in cats and 
W. bancrofti in man (Morean et , 1975; Rogers and Denham, 
1976). It is also active against A. viteae, B. sergenti and B. 
pahangi (Wang and Saz, 197^; Rew and Saz, 1977). 
Mebendazole and Flubendazole: These are broad spectrum anthel-
mintics active against D. perstans (Maertens and Wery, 1975) and 
W. bancrofti (Chantin , 1975). Mebendazole has macro-
and micro- f i lar ic idal activity against L. carinii in M. natalensis 
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(Lammler et , 1975), cotton rats (Shibuya , 1979) and 
jxrds (McCall ^ , 1975). Flubendazole, a fluorine analogue 
of mebendazole is active against j irds and cats infected with 
B. pahangi (Denham, 1978). 
Centperazine; 3-Ethyl-8-methyl-1 ,3,8-triaza bicyclo (^^,4,0) decan-
2-one was synthesized in this Institute by Saxena (1970). 
It has high microfi laricidal act iv ity against L.carinii in cotton 
rats with a more lasting ef fect than DEC. 
Suramin; The antitrypanosomal compound suramin (hexasodium 
3,3' -ureylene-bis-8( 3-benzamido- p-toluido)-1,3,5-naphthalene sul-
phonate) is highly e f fect ive against 0. volvulus adults in humans 
(Hawking, 1978). It is also e f fect ive against W. bancrofti in 
humans (Hawking, 1978) and is the only drug for onchocerciasis 
(Hawking, 1978; Denham, 1979). 
Metrifonate; An organophosphorus compound, active against micro 
and macrofilaria. in human onchocerca infection (Salazar-Mallen 
et a l . , 1970). It is also e f fec t ive against mf of L.carinii and 
adult/mf of D. viteae (Lammler ai•, 1971; Thomas, 1971). 
Ivermectins; Natural products isolated from the mycelia of 
Streptomyces avermecticus having a macrolide structure. The 
anthelmintic act iv i ty of the avermectins was f irst described in 
1979 (Burg ^ a l . , 1979; Egerton , 1979; Miller ^ ^.1979) .They 
have shown good activity against onchocerciasis in preliminary 
clinical tr ia ls (Wang, 1982). Avermectins are ef fect ive in des-
troying mf of D. immitis. 
Although a lot of work has been done on taxonomy, mor-
phology and l i f e cycle of the f i lar ial parasites, yet knowledge 
about its biochemistry and immunology are inadequate. The main 
reason behind this lacunae appears to be due to less attention 
paid to the physiology and metabolic pathways operating in the 
adult worms as well as host parasite relationships. Fi larial 
worms are re lat ive ly specif ic for the vertebrate host and among 
the human pathogens B.malayi has successively been maintained 
in the laboratory hosts, W. bancrofti infection is highly specif ic 
to human beings and according to Ramachandran and Sivanandan, 
(1970) it could not be adapted to any laboratory animal. However, 
recently Palmieri has succeeded in maintaining W. bancrofti 
in s i lver leaf monkeys (Presbyt is cristatus). The bulk of the 
investigations has been made using adult f i lar ia l worms infecting 
animals and to a much lesser extent the mf stage and almost nothing 
is known about the intermediate larval stage harboured by the 
arthropod ( vec tor ) host. Most of the data generated so far with 
adult female worms also includes the metabolism of the micro-
f i lar ic idal component derived from the uterine eggs. Hence it 
is necessary to collect information about the metabolic pattern 
of mf/egg f ree adult f i lar ia l parasites. 
There are two approaches for the management of f i lar ias is : 
( i ) to get rid of the parasite through chemotherapy and ( i i ) 
to intercept the transmission by getting rid of the vector. The 
various chemotherapeutic agents which have been described above 
have only limited action on only one of the developmental stages 
and some compounds also have deliterious side ef fects. It is 
necessary to develop a suitable drug or vaccine against f i lar iasis 
that causes select ive inhibition of the biochemical machinery of 
the parasite without affecting metabolic system of the host. Energy 
metabolism of f i l a r i ids is now universally regarded as a site 
of high potential for drug attack (Mendis e^ , 1985) since inter-
ruption of such a fundamental pathway is most lethal target for 
chemotherapy. Blockage of other essential biochemical pathways, 
their regulation, nerve transmission as well as neuromuscular system 
are other powerful targets. 
The available informations regarding the metabolic pattern 
of helminths (including f i lar ia l worms) in relation to drug action 
with special reference to energy generating system, published 
during the last 25 years are summarised in the following pages: 
Biochemical analysis of filarial parasites 
One of the major pre-requisites for studying the biochemi-
cal machinery is the characterization of the chemical components 
of the parasites. Cuticle is the outermost tough layer of the 
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parasite playing an important role in uptake of nutrients and oxygen 
as wel l as facing and counteracting the defence mechanisms. The 
cuticle of D.immitis, B.malayi and B.pahangi contain glycoproteins, 
complex oligosaccharides along with l ip ids and proteins (Cherian 
, 1980; Simpson , 1983; Kaushal et , 198^ )^. Mariano 
(1967) had reported the presence of chitin. Microfilariae are 
sheathed in W.bancrofti, B.malayi, Loa loa while mf of 0.volvulus 
and D. perstans are unsheathed. A better understanding of the 
chemistry of f i l a r ia l sheath would facil itate the development of 
procedure for the disruption of its biological function. B.malayi 
mf have been exsheathed by treatment with certain proteases 
(endopeptidase and papain) (Srivastava, 1985). 
The structure of surface components of microfilarial sheath 
have been studied employing cytochemical techniques, lectin bind-
ing and electron microscopy. N-acetyl-glucosamine, glucose and 
mannose were present on mature mf of B.pahangi while sialic acid, 
galactose and N-acetylglucosamine are the components of the sheath 
from immature mf (Fuhrman and Ash, 1983). 
Fi larial parasites do not generally store glycogen, main 
reserve food for providing energy under adverse conditions. 
C. hawkingi contains less carbohydrate than S.cervi (Srivastava, 
1969; Rathaur ^ , 1980). The dry matter from S.cervi adults 
mainly contain carbohydrates, proteins, l ip ids and traces of nucleic 
acids. The values of glycogen on wet weight basis was 1.9% 
n 
for D.immitis, 1.7% for D.uniformis, 0.8% in L.carini i and 2.1% 
in S.cervi (von Brand et , 1963; Bueding, 19'f9; Rathaur ^ 
a l . , 1980). Mf stages of ai l these parasites possess less glycogen 
as compared to adult. 
The presence of reducing sugars have been demonstrated 
in al l the f i lar ia l worms. Glucose was the major constituent 
of S.cervi with traces of fructose whereas in L.carini i free glucose 
and trehalose are present in traces (Fairbairn, 1958; Rathaur 
et , 1980). Glucose, galactose, mannose, myoinositol, ribose 
and xylose were found in D.immitis (Ueda and Sawada, 1968)whereas 
in B.pahangi and B.malayi trehalose, is reported as a constituent 
(Powell et^  , 1986). Both S.cerv i and C.hawkingi utilise exo-
genous glucose or mannose as energy source Jji v ivo as well as 
constituent of maintenance medium under iji v itro conditions (Anwar 
, 1975; Srivastava and Ghatak, 197^). 
Energy generating pathways in parasites 
Research on the bioenergetics in parasitic worms is a 
fascinating area for biochemists and it has been repeatedly specu-
lated that the differences observed between energy generating 
or concerning pathways of helmin' ths and their vertebrate hosts 
may be exploited for the design of chemotherapeutic agents directed 
against worm infestations (van den Bossche, 1976; Wang, 198^). 
Helminths have well developed capacity for fermentation 
(Fairbairn, 1970). Glycogen is the major storage polysaccharide 
12 
in parasites. The helminths assimilate carbohydrates but the 
processes involved in carbohydrate utilization are not identical 
with those established in vertebrate tissues as none of the parasite 
oxidise it completely to carbon dioxide and water. Even the 
parasites residing in blood vessel and subcutaneous tissues have 
lactic acid as the sole end product via the simple glycolyt ic 
pathway. On the other hand the intestinal worms and flukes 
inhabiting the l iver and bi le ducts of vertebrate have branched 
catabolic pcuthaways and the carbohydrate is often converted into 
a mixture of volati le acids, succinate: , lactate and carbon dioxide 
(von Brand, 1979; Barrett, 1981). Some species metabolise carbo-
hydrate to form alcohol or more rarely other organic end products. 
The biological significance of incomplete oxidation of carbohydrates 
is not clearly understood. However, this metabolic insufficiency 
can be explained due to the low activity or lack of enzymes in-
volved in the pathways of terminal oxidation, in particular those 
of the tr icarboxyl ic acid (TCA) cycle, beta-oxidation pathway 
and cytochrome-c-oxidase linked respiratory chain. As an alter-
native, helminths predominantly use fermentation and anaerobic 
electron transport reactions to generate chemical energy in the 
form of ATP. Oxidative activit ies are restricted to the outermost 
tissue layers of adult worms, to some small helminths and to 
larval and other intermediate stages (Saz, 1981; Tielens et a l . , 
198^ )^. McManus (1986) while reviewing the partial oxidation 
of carbohydrates reemphasized the outstanding feature of catabolism 
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in these organisms v i z . , production of reduced organic end products 
even under aerobic conditions. 
Utilization of hexoses by filar lids 
Filarial worms derive their energy through catabolism 
of carbohydrates and remain motile in a mineral medium fort i f ied 
with glucose or mannose. But in a medium containing low concent-
ration of sugar, the polysaccharide reserves of the parasites 
are degraded by them to fu l f i l l their energy requirements. Several 
investigators have studied the nature of the processes by which 
f i l a r ia l worms der ive their energy (von Brand, 1973). Incubation 
of L.carini i or S.cervi adults with glucose, mannose, fructose 
or galactose produce lactic and pyruvic acids. Glucose and mannose 
are utilized at a much faster rate than galactose and fructose 
(Ghatak et , 1987). L.carinii adults were found to be aerobic, 
however, l ike other helminths they accumulate acetate or lactate 
and CO2 as end products of carbohydrate utilization (Saz, 1981). 
A.vi teae and B.pahangi, however, d i f fer markedly from L.carini i 
as the former two parasites survive for extended periods anaero-
bically but L.carini i loses motility in the absence of air . In 
addition, isotope and aerobic fermentation balance studies indicate 
that A.viteae and B.pahangi are homolactate fermenting anaerobes. 
L.carini i does not have the TCA cycle and a complete carbon 
balance has not been obtained and other products which are present 
remain to be identified (Dunn et^  , 1988). Employing ^^C-glucose 
and NMR spectroscopy, Powell et (1986) detected 1-2% and 
2-5% succinate in B.pahangi and A. viteae respectively suggesting 
minor involvement of alternate pathways of glucose metabolism. 
Enzymes of carbohydrate metabolism 
Evidence for the functioning of different metabolic pathways 
in f i l a r ia l worms has been adduced mainly by the demonstration 
of the enzymatic steps or the identification of the intermediates 
of the pathway. The distribution of many glycolytic enzymes 
and the demonstration of phosphorylated glycolytic intermediates 
in f i l a r ia l worms indicate the operation of typical glycolytic sequ-
ence until phosphoenol pyruvate (PEP) or pyruvate is reached 
(Barrett, 1983; McManus, 1986). The operation of a full glyco-
ly t ic pathway for conversion of glucose to lactic acid has been 
demonstrated in C.hawkingi (Srivastava ^ , 1968; Srivastava 
and Ghatak, 1971), L.carini i (Srivastava , 1970; Ramp ^ 
, 198<f), D.immitis (Hutchison and McNeill, 1970) and S.cervi 
(Anwar e^ , 1977). Presence of comparatively low activity 
of phosphofructokinase (PFK) in S.cervi (Sharma, 1988)and L.carini i 
(Ramp et , 198^ )^ suggests that this enzyme may be playing 
a regulatory role in controlling the operation of a glycolytic path-
way . 
Although most of the enzymes of the TCA cycle have been 
shown in a few f i lar ia l worms (McNeill and Hutchison, 1971; Agarwal 
et , 1986; Dunn ^ , 1988), the functioning of a true TCA 
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cycle in them is st i l l a debatable point. Similarly the presence 
of negligible activit ies of G-6-P dehydrogenase and 6-PG dehydro-
genase in S.cervi (Anwar , 1977), O.gutturosa, O.lienalis 
(Dunn ^ , 1988) and C.hawkingi (Srivastava, 1969) has cast 
a doubt about the functioning of a pentose phosphate pathway 
in f i lar ia l parasites. 
Under aerobic conditions, L.carinii produces acetate which 
is derived from decarboxylation of pyruvate, probably via pyru-
vate dehydrogenase. A pyruvate oxidase system which is capable 
of oxidative decarboxylation of pyruvate to acetate and CO2 was 
postulated by Middleton and Saz (1979). The activity of this 
enzyme in L.carini i was dependent on a mixture of cofactors known 
to be required by pyruvate dehydrogenase complex isolated from 
mammalian sources, indicating a similarity. Lower levels of this 
enzyme are present in B.pahangi and A.viteae (Wang and Saz, 
197^ ;^ Middleton and Saz, 1979). 
PEP-succinate pathway 
The PEP-oxaloacetate pathway in invertebrates is the 
characteristic feature of their carbohydrate metabolism and involves 
CO2 fixation into giycolyt ical ly formed PEP by PEP-carboxykinase 
(PEPCK) to g ive oxaloacetate (Simpson and Awapara, 1966). In 
the PEP-succinate pathway succinate is the end product of the 
pathway and the functioning of this pathway has been demonstrated 
in several helminths l ike Fasciola hepaticoi.(Prichard and Schofield, 
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1968), Trichineila spiralis larvae (Ward et a l . , 1969), Ascaris 
lumbricoides muscle, Hymenolepis diminuta (Bueding and Saz, 1968) 
and Haemonchus contortus larvae (Ward and Schofield, 1967a, b; 
Ward et a l . , 1968a,b). 
Bueding and Saz (1968) had obtained positive correlation 
between pyruvate kinase activit ies in helminths and the pre-
dominance of lactate as a fermentation end product. This inter-
relationship was complicated by the fact that in certain helminths 
pyruvate may be formed by a circutious alternate pathway in-
volving PEP car boxy kinase (leading to oxaloacetate), malate dehydro-
genase (leading to malate), and malic enzyme (leading finally 
to pyruvate (Saz and Lescure, 1969; McNeill and Hutchison, 1971). 
Therefore the fate of PEP to either lactate or succinate was deter-
mined by two branch point regulatory enzymes PK and PEPCK 
(von Brand, 1973). In other words, the balance between PK and 
PEPCK and their af f inity for the substrate (PEP) are the factors 
that determine whether metabolic products are channeled to succi-
nate or lactate. S.cervi converts 25% glucose to lactic acid and 
possess low levels of PK and LDH and high activit ies of PEPCK, 
and MDH has a functional PEP-succinate pathway. On the other 
hand, typical lactic acid producers l ike C.hawkingi which convert 
80-90% glucose into lactic acid (Srivastava e^ ad., 1968; Srivastava 
and Ghatak, 1971) resemble vertebrate tissues in possessing high 
leve ls of PK and LDH and low levels of PEPCK and MDH. Bueding 
and Saz (1968) have postulated that when PK/PEPCK ratio is greater 
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than one, the metabolic pathway leads to lactate accumulation, 
whi le the values less than one suggest the operation of CO2 fixing 
pathway and probable production of succinate. Moniezia expansa, 
a cestode which can accumulate either lactate or succinate had 
a PK/PEPCK ratio of 1.7 (Bryant, 1972). Behm and Bryant (1975) 
showed the absence of pyruvate carboxylase and other carboxy-
lating enzymes in M.expansa indicating that PEPCK was the major 
link between the glycolytic sequence from PEP to the dicarboxylic 
acid pathway leading to succinate. It was l ike ly , therefore, 
that PEPCK and PK compete in the cytosol for their substrate 
(PEP) suggesting this and branch point in the pathway and thus 
a model site for pathway - regulation. Unlike the host tissues 
the nematode muscle is not capable of forming significant quantities 
of cytoplasmic pyruvate and pyruvate is barely detectable (Carter 
and Fairbairn, 1975). The cytoplasmic MDH reduces OAA to malate 
with the glycolyt ical ly formed NADH2, thereby regenerating cyto-
plasmic NAD^ that can accept more electrons from the triose stage 
of g lyco lys is . Intramitochondrial NADH, serves to reduce another 
mole of malate via fumarate to succinate. The fumarate reductase 
reaction is considered quite different from the succinate dehydro-
genase (SDH) of mammalian tissue. Unlike the host enzyme, in 
nematodes it is pyridine linked; under appropriate condition can 
go to completion in the direction of succinate formation and is 
coupled to an electron transport associated phosphorylation, presum-
ably at NADH2-flow«y-protein level (Lee and Chance, 1968). 
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The production of potential metabolic end products (lactate 
and succinate) depends on re lat ive amount of PK/PEPCK and other 
regulatory conditions in the ce l l . Five possibilities can be envi-
saged ( i ) First ly a simple competition between PK and PEPCK 
for the common substrate PEP with PEPCK being the favoured 
enzyme since it has a high af f ini ty fdr PEP in parasitic worms. 
( i i ) Secondly, in the case of facultative anaerobiasis in bivalve 
molluscs, changes in cellular composition may direct the PEP 
metabolism. A decrease in pH or increase in alanine or both favours 
PEPCK at the expense of PK in oyster tissues. Metabolic schemes 
based on the modulation of these enzymes by metabolites such 
as ATP and NADH^ has also been suggested (Prichard, 1976). 
( i i i ) The third possibil ity is that changes in the intestinal environ-
ment of the parasites may alter the level of PEP f lux. Levels 
of PCO2 in the intestine of mammals due to ion uptake during 
the maintenance of lumen fluid homeostatis could differently affect 
these two enzymes. Since the intestinal lumen has been reported 
to maintain a pressure of (PO2) of W-50 mm Hg and the hemo-
lymph of Ascaris has been observed to maintain a pO^ level of 
28 mm Hg, it is l ikely that anaerobic conditions ( i . e . lack of 
oxygen) could be responsible for directing the metabolic fluxes 
in intestinal parasites. 
( i v ) The fourth possibil ity may be due to an extremely active 
cytoplasmic MDH which serves to reduce the oxaloacetate formed 
by CO2 fixation. The cytoplasmic formation of malate may be 
compared to lactate fermentation. 
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( v ) The f i f th possibil ity may be that post transcriptionanl control 
or specif ic activation of previously inactive enzyme could occur. 
Such shifts in enzyme activity could be under the control of speci-
f ic modulators and would count for the activity differences reported 
by individuals such as Bueding and Saz (1968). 
Phosphoenol pyruvate carboxykinase 
PEPCK (EC 4.1.1.32) plays a key role in invertebrate 
energy metabolism since it directs the flow of carbon from PEP 
into the end products of anaerobic metabolism. This enzyme was 
f i rst detected in chicken l iver (Utter and Kurahashi, 1953) and 
subsequently PEPCK has also been found in other vertebrates(Simpson 
and Awapara, 196^ ;^ Zammit and Newsholme, 1976, 1978; Hoffman 
e^ a^., 1979) as well as in a number of parasitic helminths (Bryant, 
1975). The properties of active PEPCK have been investigated 
in a few parasites including H.diminuta (Moon et , 1977; Reynolds, 
1980; Wilkes ^ , 1981), M.expansa (Behm and Bryant, 1975), 
Ascaris suum muscle (van den Bossche 1969; Wilkes et , 1982), 
Moniliformis dubius (Cornish e^ , 1981), F.hepatica (Prichard 
and Schofield, 1968; Prichard, 1976, 1980), A.lumbricoides adult 
muscles and larvae (Saz and Lescure, 1967, 1969; van den Bossche, 
1969) and T.spira l is larvae (Ward et , 1969). The enzyme 
has been purified from l i ver (Litter and Kurahashi, 1954) and 
other vertebrate tissues (Holten and Nordiie, 1965; Chang and 
Lane, 1966; Ballard and Hanson, 1969; Hammond and Balinssky, 
1978; Goto et a l . , 1979), and from two invertebrates v i z . M.dubius 
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(Cornish ^ a^., 1981) and H.diminuta (Wilkes e^ 1981). 
An electrophoretically homogeneous preparation of PEPCK has been 
isolated from A.suum muscles (Wilkes ^ , 1981). 
Pyruvate kinase 
Pyruvate kinase (PK) is another important branch point 
enzyme of the PEP-oxaloacetate pathway. Relatively l i t t le infor-
mation is available regarding the properties of this enzyme. Two 
types of PK v iz . L and M type have been reported in mammals 
as wel l as in parasites. Bryant (1972) reported the presence 
of two isoenzymes in M.expansa, one was activated by fructose 
1,6-bisphosphate (FBP) and inhibited by malate, while the other 
was insensitive to FBP. Five isoenzymes of PK are present in 
H.diminuta of which four are activated by FBP (Carter and Fairbairn, 
1975). The L type PK seems to predominate in the f i lar ial worms 
D.immitis and L.carini i (Brazier and 3affe, 1973). 
Oxygen requirement in helminths 
Most of the helminths consume oxygen when available 
but majority of them can survive prolonged period of anaerobiasis. 
Some parasites need ©2 for survival while others need only 
for their motil ity. T .spira l is larvae became inactive when respira-
tion was inhibited by lack of but after a week of anaerobiasis 
motility was restored on readmitting air (Stannard ^ , 1938). 
S. mansoni adults which are homolactate fermentors, function and 
survive anaerobicaily as well as they do aerobicaily but the 
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eggs of this parasite require (Beams £t , 1972; Schiller 
et a l . , 1975). In the same way mf of B.pahangi, L.carini i and 
A. viteae rapidly lost motility when was removed from the 
environment (Rew and Saz, 1977). L.carini i residing in the pleural 
cavity of rodents (Wang and Saz, 197'f), larval stage of ascaris 
(Saz and Lescure, 1967) and N.braziliensis (Saz e^ 1971) 
all require oxygen for their energy metabolism. However, adult 
stage of A.lumbricoides, H.nana, H.diminuta and Taenia crassiceps 
do not require for energy metabolism. 
Respiratory pathways of helminths 
The respiratory system of helminths are mediated by 
multiple electron transport chains (Barrett, 1981; Bryant, 1970). 
The localization as well as the extent of different type of respira-
tory pathways depend on various conditions. It may vary between 
different helminths, as well as aerobic/anaerobic environment 
and between different stages in the l i f e cycle (Fry et , 1983; 
Fry and Jenkins, 1983; Rodrick et a l . , 1982). 
A mammalian type of electron transport pathway is found 
in A.suum (Rodrick e^ , 1982), in free living and adult stages 
of N.brasiliensis and A.gall i (Fry ^ ajl_., 1983; Fry and Jenkins, 
1983). Aerobic respiratory pathway have also been found in 
Trichostrongylus colubriformis, Ostertagia, Cooperia, Onchophora, 
H.contortus, Dictyocqglus f i lar ia , D. viviparous (Fry and Jenkins, 
198^ )^. The mitochondria isolated from M.expansa have the same 
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structural, characteristics as classical mammalian aerobic mito-
chondria (Cheah, 1971). 
In majority of hei.minths mitochondrial respiration may 
be mediated through an electron transport pathway carrying an 
alternative oxidase (Kohler and Bachman, 1980; Barrett, 1981). 
There is incomplete oxidation of substrates and l i t t le or no terminal 
oxidation occurs. But despite this the requirement of for 
survival suggest a role in mitochondrial system. The cytochrome 
system in helminths has been reported to be different from the 
classical mammalian type. Very l i t t le work appears to have been 
done regarding the various cytochromes and the function of multiple 
oxidases. The alternate oxidases which are present are insensitive 
to cyanide and antimycin A. These oxidases accumulate toxic 
H2O2 as final and product which is removed from the system 
as quickly as possible (Kohler and Bachman, 1980). Earlier 
cytochrome C or cytochrome oxidase activity could not be detected 
in A.lumbricoides, L.carini. and S.mansoni (Bueding and Charms, 
1952), Recently mitochondria isolated from N. brasiiiensis and 
A.gal i i (muscle and gut -t reproductive tissues) were examined 
for cytochromes and it was observed that both the parasites con-
tained a, b and c type cytochromes, however, their stoichiometries 
were quite di f ferent. A.galii gut and reproductive tissue mito-
chondria had only b and c cytochromes in a ratio of 1:1. Cyto-
chrome aa^ is a major functional oxidase in N.brasiiiensis whereas 
CO reacting b type cytochrome is involved as terminal oxidase 
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in A.gal l i (Paget , 1988). Ascaris contains multiple terminal 
oxidases v i z . , cytochrome a^, cytochrome 0 and cytochrome a^  
(Cheah, 1976). Recently complex II (Takamiya et ^ . ,1986 ) and 
complex I - I I I NADH2-cytochrome-c-reductase (Takamiya ^ a l . , 
198^ )^ have been isolated from muscle mitochondria of Ascaris. 
Two b type cytochromes with alpha peaks at 559.5 and 563 nm 
and cytochrome-C has been demonstrated by low temperature d i f f -
erence spectra. A possible role for cytochrome-C peroxidase 
in A.suum mitochondrial metabolism has been discussed (Campbell 
et 1989). Complex I I functions as terminal oxidase and donates 
electrons to fumarate which is the terminal acceptor under anaerobic 
condition (Kyoshi ^ al_., 1988). The presence of cytochrome 
oxidase in Ascaris has been confirmed by nucleotide sequence 
studies of mitochondrial DNA (Wolstenholme et ad., 1987). 
NADH^ and cytochrome-C oxidase have been recently re-
ported in L.car in i i but they account for only 7 and 3% ©2 consumpt-
ion as compared to intact organisms (Ramp ^ , 1984). It 
is possible that the major respiratory system in L.carini i is 
not associated with the mitochondrial fraction. The conventional 
type of mitochondrial respiratory system is present in mitochondria 
which may play a minor role while the major oxidase of unknown 
location may be present in the f i l a r ia l worms. The antimycin 
A or cyanide insensitivity of succinate stimulated respiration shows 
alternate respiratory pathway (Ramp et , 1985). Similarly 
in S.mansoni a blood dwelling trematode a small percentage of 
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glucose catabolised by the adult worms is oxidised to CO^ and 
this could be linked to oxidat ive phosphorylation. According to 
Thomas ^ (198't) significant amount of CO^ was formed in 
3 hr old schistosomula and this CO2 production was highly sensi-
t ive to cyanide. But after hr differentiation to cercarial stage, 
CO2 production from glucose was reduced and lactate production 
was increased. However a significant amount of chemical energy 
was derived in adults through an aerobic process (van Oordt 
^ , 1985). 
Quinones 
Quinones are ubiquitous hydrogen and electron carriers 
in the electron transport chain. Ail parasitic helminths contain 
rhodoquinone or rhodoquinone in combination with 
ubiquinone (Comley, 1985) with the exception of Metastrongylus 
elongatus (Sato e]^  , 1969) and Penetrocephalous ganapatti 
(Dhandayirthapani ^ aJ_., 1983). Most of the parasitic helminths 
which contain only rhodoquinone show branching of electron trans-
port chain at the level of rhodoquinone. The examples of this 
pattern are A.suum, Stephanurus denatus, M.exapansa and H.diminuta 
(Kohler, 1985; Takamiya a l . , 1986; Fioravanti annd Kim, 1988). 
There is also a correlation between the conntent of ubiquinone 
and or rhodoquinone of helminths and the oxygen tension of their 
habitats; the more anaerobic the habitat the greater is the rhodo-
quinone content (Allen, 1973; Sato and Ozawa, 1969). 
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Metabolic targets for chemotherapeutic attack 
The wide and increasing prevalence of f i lar iasis in our 
country as well as the seriousness of the disease indicates the 
need towards making coordinated e f forts for controlling f i lar ias is . 
This could be achieved either by developing an e f fec t ive non-
toxic or least toxic chemotherapeutic agent which can act both 
on mf and ^dult worms or a suitable vaccine. The identification 
of sensitive molecular targets can provide a more rational approach 
for the chemotherapy of f i l a r ias is . 
The currently avai lable f i lar ic ide DEC acts primarily 
as a microf i lar ic ide, although it has some action against adults 
of W. bancrofti and B.malayi (Otteson, 198^ ;^ Goodwin, 1984) and 
L^ and mf stages of B.malayi (Ewert and Emerson, 1975). DEC 
possesses act iv i ty j i i v i tro against L^ and mf of B.pahangi although 
at higher concentration. However, it is inef fect ive against mf 
or adults in j i rds and cats (Denham e^ , 1978). The drug 
has no action against L^ stage of W.bancrofti (Jorden, 1958) and 
exhibit poor and unpredictable response in A.viteae and B.malayi 
infection in j i rds (Tanaka et a l . , 1981; Nogami et a l . , 1984). 
Srivastava e^ al . (1984) demonstrated preferential binding of DEC 
with mf of L.car ini i and A. viteae supporting the view that the 
microfi laricidal action of DEC begins with fixation of the drug 
on mf. Mf stage of both these parasites absorbed about ten times 
as much DEC as did their adults. It has been suggested that 
the microfi laricidal action of DEC is mediated through immuno-
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logical system, antibodies, complement and specially eosinophils 
appear to be the key mediators (Hammerberg, 1985). Cesbron el a l . 
(1987) presented the f i rst evidence that the effect of DEC is 
mediated by blood platelets with triggering of a f i lar ial antigen 
(FEA) . The kil l ing mechanism is antibody independent and involves 
a participation of free radicals. 
Stibophen; A trivalent antimonial had earlier been employed 
for controlling f i lar ias is . It inhibits PFK of B. pahangi, L.carini i , 
A.v i teae and D.immitis at 2 /jM concentration as compared to mamma-
lian enzyme where 1000 times higher concentration of the drug 
was required for showing appreciable inhibition (Saz and Dunbar, 
1975). It also inhibits aldolase activity of the parasite (Saz 
and Dunbar, 1975) and protein kinase of D.immitis (Walter, Personal 
communication). 
Cyanine - 863; It inhibited oxygen consumption by L.carinii at 
65 /iM concentration (Bueding, 1949). This compound inhibited 
glucose utilization, lactic acid production and aldolase activity 
of C.hawkingi and L.carinii (Srivastava ^ ad., 1971) as well 
as aldolase act iv ity of S.cervi (Saxena et^  , 1982). 
Levamisole; It is e f fect ive against B.malayi, B. pahangi, W. bancrofti, 
L .car ini i and S .cerv i . Its primary effect appears to be on neuro-
muscular system and produces almost complete tetanic paralysis 
of adult and mf stages. Energy metabolism is also affected with 
decreased utilization of glucose and shift to homolactate ferment-
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ation (Saz, 1981). Incubation of L .carinii upto 6 hr with levami-
sole resulted in a four fold increase in total worm glycogen without 
affecting the g lycolyt ic pathway. 
Avermectins; They block transmission of command from ventral 
interneurons to motor neurons in As carls (Kass et , 1980) and 
enhartce Y-amino butytric acid (GABA) release and its binding 
to post synaptic GABA receptors (Pong , 1980; Pong and 
Wang, 1982). Maitin and Pennington (1988) have examined the 
ef fect of AVM on single channels in Ascaris suum muscle membranes 
with a progressive stepwise opening of chloride ion channels at 
avermectin concentration of 2x10"^^M and above was seen. 
Amoscanate; Amoscanate derivatives developed by Hoechst (FRG) 
possess anti f i larial activityand exert their action Jjn vitro by 
an inhibition of mitochondria derived respiration (Davies a l . , 
1989). It was confirmed that the drugs CGP 20376, 21835, 20308, 
21306 and 61'tO cause a rapid immobilization jji vitro of L.carinii 
adult, the time which is required being similar to rotenone at 
the same concentration. The other derivatives CGPs 20309, 21833, 
23518 and 13231 were also e f fect ive , although they required 
much longer time of incubation. Amoscanate inhibits uptake and 
transport of ^H labelled glucose in B.pahangi and L.carinii (Nelson 
and Saz, 198^), cAMP phosphodiesterase in 0.volvulus and S.mansoni 
(Walter and Albiez, 198^) and amino acyl-t-RNA synthetase complex 
in A.suum (Walter and Ossikovski, 1985). 
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Suramin; This urea der iva t i ve is the only available drug for 
the treatment of onchocerciasis ( r i v e r blindness), a f i l a r ia l in-
fection with 0.volvulus. With the aim of finding new compounds 
active against 0. volvulus a series of analogues were synthesised 
in which 1-amino naphthalene trisulfonic acid residues of 
suramin have been replaced by al iphatic amino acids (aspartic 
acid, glutamic acid, imminobis acetic ac id ) . Some der ivat ives 
of aspartic acid show high anti f i lar ia l act iv i ty against micro 
and macrofilariae of A. viteae and L.car in i i (Nickel , 1985). 
Suramin was found to be a potent inhibitor of partial ly purified 
PFK, N-acetyl-p-D-gluoosaminidase, LDH and MDH of S.cerv i (Sharma 
e ^ a l . , 1987; Singh e^ , 1989; Saxena ^ , 1986a, b; Bharadwaj 
1987). LDH and MDH of 0.volvulus (Walter and Schultzkey, 
1980), LDH of D.immitis (Walter, 1979) and NADP-dependent malic 
enzyme from D.immitis and 0.volvulus (Walter and Albiez , 1981) 
are e f f ec t i ve ly inhibited by suramin. Protein kinases from 
0. volvulus, D.immitis and from adult and developmental stages 
of B.malayi are also sensitive to inhibitCon by suramin (Walter 
and Schultzkey, 1980; Saxena et a l . , 198^ )^. 
Furapyrimidone; An anti f i lar ia l developed in China is active 
against lymphatic f i lar ias is (Goodwin, 1984) and it causes wide 
ranging derangements in glycogen,RNA, DNA and protein metabolism 
as wel l as acid/alkaline phosphatase (Yang and Yang, 1982). 
Melarson-B; A compound e f f e c t i v e against adults L.carinii but has toxic 
action on host. It did not cause much change in ATP synthesis 
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in L .car in i i . However, it reduces glutathione leve ls by selective 
inhibition of glutathione reductase activity of parasites (Bhargava 
^ a l . , 1983). 
The ef fect of thiabendazole, cambendazole, 1-tetramisole 
morantel and disophenol have been studied on fumarate reductase 
(FRD) system of a few helminths including f i l a r ia l worms (Prichard, 
1973). The inhibition of FRD is extremely important since fumarate 
is the terminal electron acceptor in the metabolism of a number 
of helminths (Metzger, 1970). Inhibition of this enzyme system 
not only prevents the production of ATP and regeneration of NAD 
but interferes with terminal electron transport (Malkin and Camacho, 
1981). There is demonstrable evidence that mebendazole treatment 
causes a disappearance of microtubules in the gut cells (Borges 
et , 1975). Friedman and Platzer (1980) have also shown that 
benzimidazole prevents binding of colchicine to crude Ascaris 
- 8 egg tubulin at 10" . 
The benzothiazoles, especially the isothiocyanates 
and the dithiocarbamic acid esters, inhibit mitochondrial respi-
ration of f i l a r ia l worm. The inhibitory site is located within 
complex I after the flavoprotein dehydrogenase but before the 
site of the quinone reduction (Zahner et aJ .^, 1989). 
Considerable work has been done on centperazine, DEC, 
levamisole and CDRI compound 72/70 in our Institute. These anti-
f i lar ia ls significantly inhibited glucose utilization and glycogen 
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synthesis in S.cervi (Anwar ^ , 1979). These drugs aiso 
inhibit glucokinase act iv i ty , protein synthesising capacity and 
release of mf from adult females (Srivastava, 1980). Incorporation 
of glucose, valine and synthesis of glycogen and protein in 
L.carini i adults was significantly altered by centperazine, DEC 
and compound 72/70 (Rathaur ^ j d . , 1983). Decrease in the release 
of mf in the incubation medium after if hours treatment with above 
drugs suggested that these f i lar ic ides may also affect the repro-
ductive system of L.carini i and S.cervi (Rathaur ^ , 1983). 
Centperazine and DEC also inhibited 5-hydroxytryptamine (5-HT) 
uptake by L.carini i adults (Saxena ^ , 1987). 
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SCOPE AND PLAN CF WBK 
The brief review of literature on the metabolic and bio-
energetic aspects of a few helminths including f i lar ia l worms in 
relation to drug action presented here reveals the mosaic of bio-
chemical reactions employed by the parasites for their survival 
and adaptations to different environmental conditions. All the f i lar ia l 
worms di f fer widely from their respective hosts with regard to 
the different metabolic reactions as well as biochemical properties. 
However, no generalised idea can be made on the basis of studies 
conducted on one member of a particular group. According to Saz 
(1981) each organism should be examined as a separate entity not-
withstanding morphological and taxonomical relationship among them, 
before any reasonable understanding of its metabolism can be attained. 
The differences observed in the metabolic pattern of the parasite 
and the host harbouring them can help in the design of suitable 
agents for anti f i larial chemotherapy. So far no f i lar ic ide is avail-
able with a high therapeutic index against adult stages of f i lar i ids . 
The need of the moment seems to find certain vulnerable targets 
of adult parasites to design macrofilaricidal drugs for any lasting 
solution to f i lar ias is as microfi laricidal drugs yield only transient 
cure. 
The f i lar ia l worms examined so far use predominantly anaer-
obic metabolism of carbohydrate for energy generation and consume 
oxygen in limiting amounts when available. However, they do not 
possess the abi l i ty of bringing about complete oxidation of substrates 
to carbondioxide (CO2). The biochemical inefficiency of these 
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worms is manifested in the formation of iactic and some other organic 
acids as the end products of metabolism. Alternate anaerobic path-
ways have been evolved because the parasites lack the circulatory 
system. Most of the f i lar ia l parasites which appear to be homo-
lactate fermentors such as A. viteae, D.uriformis and B. pahangi depend 
on the energy which is derived from the oxidative breakdown of 
pyruvate into acetate and CO^' There is decarboxylation of pyruvate 
and only the carboxyl carbon gives rise to respiratory CO2 in these 
biochemical entit ies. Hence, considering these view points it was 
speculated that oxygen may be required only for the single oxidation 
of pyruvate to acetate and CO^ and that the single oxidation may 
possibly be providing the extra energy required for survival of 
the parasite (Barrett, 1976; Saz, 1981). The need of oxygen for 
survival suggests a role for the mitochondrial systems of these 
parasites despite their formation of essentially anaerobic metabolic 
end products. The cytochrome system of a few helminths including 
f i lar ia l worms, has been reported to be different from the classical 
mammalian type. Therefore a study of oxygen uptake and the res-
piratory electron transport chain with regard to the effect of sub-
strates and inhibitors on the whole worm and mitochondria l ike 
particles of f i lar ia l parasite l ike Setaria cerv i , can provide a 
novel target for drug design. The haemoproteins which are electron 
carriers playing a crucial role in metabolism and having a defensive 
mechanism against activated form of oxygen and in disposition of 
drugs can also be a useful target. 
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The PEP-succinate pathway also has a crucial regulatory 
function in channelling of carbon, regeneration of pyridine nucleotides 
and generation of energy. Hence the status of the enzymes of this 
pathway with regard to different anthelmintic/antifilarial drugs 
can also prove an attractive target for antifi larial chemotherapy. 
The regulatory branch point terminal enzyme of the PEP-succinate 
pathway can also be viewed as an essential enzymatic target. 
The main problem encountered in the study of f i lar ia l para-
sites is the nonavailability of human pathogens in sufficient amounts. 
W. bancrofti adults can not be obtained and B.malayi maintained 
in M.natalensis can not be procured in quantities needed for bio-
chemical investigations. Hence we had to look for some alternate 
sources. S.cervi the bovine f i lar ia l worm resembles human parasite 
in microfilarial per iodic i ty , antigenic patterns and sensitivity towards 
known anti f i larials. It is available in sufficient quantities from 
the local slaughter house during slaughtering of Indian water buffaloes 
(Bubalus bubalis Linn) and hence is ideal for conducting biochemical 
investigations. 
Hence an attempt has been made for studying the following 
aspects in the present dissertation: 
1, Studies on oxygen uptake in relation to the electron transport 
inhibitors and substrates as well as haemoproteins in S.cerv i . 
2. Subcellular localisation of various enzymes of PEP-succinate 
pathway and e f fect of anti f i larials. 
3it 
3. Isolation and properties of PEPCK a regulatory branch point 
enzyme from S.cervi adult females. The result obtained from 
these studies are. expected to throw more light on the meta-
bolic pattern of f i lar ial worms as well as to expose certain 
vulnerable points which could be utilised as e f fect ive targets 
for anti f i larial chemotherapy. 
METHODOLOGY AND TECHNIQUES 
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Bxochemicals and enzymes 
Antimycin, adenosine diphosphate, bovine serum albumin, 
dithiothri, tol, guanosine diphosphate, rabbit muscle lactic dehydro-
genase, malic dehydrogenase, beta-mercaptoethanol, N-ethyl malei-
mide, oxaloacetic acid, phenyl methyl sulphonyl f luoride, phospho-
enol pyruvate, putrescine dihydrochloride, rotenone and trif luoro-
perazine were procured from Sigma Chemical Compnay, USA. Sodium 
fumarate, sodium succinate , ethylene diaminotetracetic acid and 
dichlorphenol indophenol (Na DCIP) were purchased from British 
Drug House, Poole, England while reduced nicotinamide adenine 
dinucleotide and nicotinamide adenine dinucleotide phosphate were 
supplied by CSIR Centre for Biochemicals, Delhi, India. Malic 
acid and sodium glycerophosphate were from E.Merck, AG,Darmstadt, 
West Germany. 2'A dinitrophenol and L-ascorbic acid were from 
LOBA Chem, Bombay and Glaxo Laboratories, India, respect ively. 
L-ornithine dihydrochloride was purchased from Fluka AG, Basal, 
Switzerland. Sephadex G-25 and Blue sepharose CL-6B used for 
the enzyme purification studies were procured from Pharmacia, 
Uppsala, Sweden. 
Among the anthelmintics used suramin was from Hoechst 
A.G. Frankfurt, West Germany, levamisole was a gi ft from late 
Prof. G. Lammler, Giessen, West Germany while diethylcarbamazine 
citrate (DEC citrate) was supplied by Cyanamide, India. Pure 
base of DEC was prepared in Medicinal Chemistry Division of 
this Institute by column chromatography of DEC citrate. Centperazine 
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(3-ethyl-8-methyl- l ,3,8-triazabicyclo[ ' f ,4,0]decan-2-one) and com-
pound 72/70 (l-substituted-'t-carbonyl piperazine) potential f i lar i -
cidal drugs were supplied by CDRI. Al l other chemicals used 
were of analytical or commercial grade and triple glass disti l led 
water was used for all biochemical experiments. 
Preparation of medium 
Ringer solution; 9 g of sodium chloride, mg of potassium 
chloride and 500 mg of glucose were weighed and dissolved in 
minimum amount of water. After raising the volume to approxi-
mately 900 ml, separately dissolved 250 mg sodium bicarbonate 
and mg calcium chloride were added and the volume made 
upto one l i t re . 
Buffers: The buffers used for most of the studies were made 
with Tr is and the pH was adjusted with HCl (1.0 N), sodium-
potassium buffer was made by adding the two salts at such a 
concentration that the required pH was obtained. 
Parasite: Motile adult bovine f i lar ia l parasite, Setaria cervi 
(average length and weight females 6.0±1.0 cm, 35+6 mg, males 
^.0±0.S cm, 6±2.0 mg) were collected from the peritoneal folds 
of freshly slaughtered Indian water buffaloes (BubOlus bubolis 
Linn) at 4.00 to 5.00 AM at a local abbattoir. The worms were 
brought to the laboratory in Ringer's solution (Singhal et , 
1973) within 2 hrs of slaughtering and were thoroughly washed 
with luke warm isotonic saline containing glucose (0.1% w/v) for 
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removing the adhering contaminants and were used for conducting 
enzymic, motility as well as oxygen uptake studies. 
Studies on motility 
The motility experiments with actively moving worms 
were conducted employing 5 whole worms incubated at 37°C in 
5 ml Ringer solution containing different additions and the wriggling 
movement of the parasite was recorded over 3-6 hrs time period. 
02 uptake studies with whole worms 
S.cerv i were incubated in two batches of Ringer solution 
(15 worms/30 ml medium) one batch contained glucose (0,606 mM) 
while the other was devoid of glucose and served as control. 
For the oxygen uptake studies the worms were taken out at zero 
1,2,^ and 6 hr from this medium and O2 uptake data were recorded 
in duplicates or tr ipl icates. 
Dissection of S.cervi adult and isolation of microfilaria 
The body parts of S.cervi v i z . , cuticle, intestine and 
the genital tract were separated by longitudinally dissecting the 
worms and tracing out the corresponding parts. While analysing 
the female worms, care was taken in removing uteri containing 
microfi laria (m f ) . Each part was used for uptake studies 
as wel l as for detection of haeme. 
The mf of S.cervi were collected by micro-dissection 
of gravid female worms and incubating distal portion of the uterus 
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(1 cm) for hrs at 37°C in Ringer saline containing penicillin-
G (1000 v/ml), streptomycin sulphate (1000 pg/ml) . The mf re-
leased in the medium we r e ' separated from the embryos (5-10%) 
and other tissues by passing through Baerman's apparatus, washed 
thrice in normal saline and centrifuged at 3000 rpm for 10 min. 
Homogenisation and subcellular fractionation 
Freshly collected adult worms or their body parts were 
homogenised in 20 mM sodium, potassium phosphate buffer pH 
7.4 containing sucrose (0.25 M) using Potter Elvehjem tissue grinder. 
The homogenate thus obtained was centrifuged at 800xg (15 min), 
15,000xg (50 min) and 105,000xg (60 min) for obtaining cel l - f ree 
supernatant, post mitochondrial and cytosolic fraction respectively. 
The pellet obtained after centrifugation at 15,000xg was washed 
twice with the suspension medium, centrifuged and this particulate 
material containing mitochondria l ike particles was used for oxygen 
uptake studies. Effect of various inhibitors and substrates was 
studied on the mitochondria-like particles by injecting the required 
concentration of these substances into the vessel of the oxygraph. 
Measure of E-QO2 
The oxygen uptake by the adult female, male, mf and 
different body parts (uteri, intestine, cuticle) and mf as well 
as the subcellular fractions was measured polarographically in 
a closed system of Gilson oxygraph, model 5/6H. The parasitic 
material was introduced into the assay chamber containing i.65ml 
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sodium potassium phosphate buffer (20 mM, pH 7 .f^) containing sucrose 
(250 mM). The contents were continuously st irred with a magnetic 
st irrer for 2 hrs prior to O2 uptake studies to get absolute satura-
tion of buffer with external a i r . The electrode chamber was then 
closed and the uptake rate was measured. Oxygen consumption 
by the electrode per se was monitored prior to each assay with 
1.8 ml of buffer. QO2 values of the parasites were corrected for 
this factor. 
Detection of haemoproteins 
Preparation of homogenate 
A 20% (w/v) homogenate of freshly collected S.cervi was 
made in sodium potassium phosphate buffer (20 mM, pH 7.^) contain-
ing EDTA (1 mM) in a glass homogeniser by mechanical grinding. 
The cel l debris was removed by centrifuging the homogenate at 
3000 rpm for 10 min and the sediment thus obtained was again homo-
genised for ensuring total homogenisation of the tough cuticle of 
the worms. The contents were again centrifuged at 3000 rpm (15 
min) to get a homogenous cel l debris preparation. The 3000 rpm 
supernatant was then centrifuged at 15,000 rpm for 30 min for obtain-
ing clear post mitochondrial fraction and the pellet for the detection 
of haemoproteins. The cell debris fraction was dissolved in equal 
volumes of buffer and alkaline pyridine and then centrifuged at 
slow speed (1000 rpm) for 5 min to get a clear fraction. For 
some experiments PMSF(0.1 mM) and NEM (0.1 mM) were added 
in the homogenisation buffer to minimise proteolytic degradation 
kO 
and solubilization of haemoproteins from particulate fractions. 
Assay of cytochrome P^jQand cytochrome b j 
These two constituents were estimated according to the 
method of Omura and Sato . The baseline was determined 
by placing 2.5 ml (ce l l - f ree extract/cell debris/mitochondrial/post-
mitochondrial) fraction or suspension in each of the two matched 
cuvettes having 1 cm light path and recording the spectrum from 
650-^00 nm using Shimadzu double beam spectrophotometer, model 
UV-190. A pinch (5-10 mg) sodium dithionite was added to the 
sample cuvette and the difference between reduced and oxidised 
cytochromes were recorded at the same wavelength. Then 5-10 
mg solid sodium dithionite was added to the reference cuvette and 
thfe contents were mixed thoroughly. Now carbon monoxide (CO) 
was bubbled gently into the sample cuvette and the difference spect-
rum was once again recorded from 650-400 nm. The amount of cyto-
chrome b^ was calculated from the difference in absorbance (^ ^23-
500 nm) and the molar extinction coeff icient of 171 cm~^mM~\ while 
the content of cytochrome P^^q was calculated from the difference 
in absorbance nm) and the molar coefficient of 91 cm"^mM~'. 
Detection of haeme 
Haeme content in various fractions was measured according 
to Porra and Jone (1963). The suspension (0.1-2 ml) was treated 
with alkaline pyridine (3 :1 ) and the solution was divided into 
two equal parts. 10 /j1 K^Fe(CN)g (500 mM) was added to the 
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reference cuvette and 10 p i water and 5 mg sodium dithionite was 
added to sample cuvette. The difference spectrum between the 
oxidised (reference) and reduced (sample) preparations was recorded 
from 565 to 530 nm. The amount of haeme was calculated from 
the difference in absorbance (557-541) and the molar extinction 
coefficient of 20.7 cm~'mM"'. 
Enzymic studies 
Preparation of tissue extracts 
Fresh adult f i lar ia l worms or their body parts were chopped 
with fine scissors under ice cold conditions and then homogenised 
in chil led KCl (150 mM, 1:10, w/v) using a high speed tight fitting 
Potter Elvehjem homogeniser. The homogenate thus obtained was 
subjected to dif ferential centrifugation under cold conditions. Spinn-
ing successively at 800xg (15 min), 12,000xg (30 min) and l,05,000xg 
(60 min) resulted in the separation of cel l debris, mitochondria 
l ike particles and microsomal pellet while the supernatant obtained 
at SOOxg, 12,000xg and l,05,000xg provided us cell free supernatant, 
post mitochondrial and clear cytosolic fraction respectively for 
analysing various enzymes. 
Enzyme ztssays 
Details of the reaction mixtures used for the measurement 
of pyruvate kinnase (PK) , phosphoenol pyruvate carbotlyxkinase 
(PEPCK), malic dehydrogenase (MDH), lactic dehydrogenase (LDH), 
fumarate reductase (FRD), succinate dehydrogenase, fumarase and 
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malic enzyme are described under each assay system. Spectro-
photometric measurements were made in a final volume of 3 ml using. 
Shimadzu double beam spectrophotometer or spectronic 21 UVD model 
with si l ica cuvettes of I cm path length against enzyme blanks 
containing all the reactants except substrate at 28±2°C. All assay 
mixtures were preincubated for 3 min at room temperature (28±2°C) 
before starting the reaction by the addition of the desired substrate. 
The change in absorbance for 3 min or more was noted to monitor 
the enzymic reaction. 
For all the enzyme assays, the concentration of substrates, 
coenzymes, ions and added enzymes (protein) was so chosen as 
to g ive maximal reaction rate. 
Pyruvate kinase (ATP, fiyruvate phosphotransferase, EC 2.7.1.'i0) 
was assayed essentially according to the method of Bucher and 
Pf le iderer (1955) as modified by the use of Tris-buffer instead 
of triethanolamine buffer. Assay mixture contained :Tr is HCl (pH 
7A), 200 mM; KCl, 100 mM; MgCl^, 10 mM; ADP, 5 mM; PEP, 5 
mM; LDH, 4 units; NADH^, 0.24 mM and enzyme protein 100-200 
/Jg-
Phosphoenol pyruvate carboxykinase (GTP, oxaloacetate carboxylase 
(phosphorylating) EC 4.1.1.32) was assayed according to Ward et 
al. (1969) using Tris-HCl buffer pH 7.4, 200 mM; MnCl2, 10 mM; 
NaHCO^, 50 mM; GDP, 0.5 mM; PEP, 5 mM; MDH, 4 units; NADH^, 
0.24 mM and enzyme protein 20-50 /jg. 
Lactic dehydrogenase (L-acetate, NAD oxidoreductase EC 1.1.1.27) 
was measured according to Kornberg (1955). Assay mixture contained: 
Tr is HCl (pH 7 A ) , 200 mM; KCl, 100 mM; sodium pyruvate, 5 mM; 
NaDH, 0.24 mM and enzyme protein 5-15 ;ug. 
Malic dehydrogenase (L-malate, NAD oxidoreductase EC 1.1.1.37) 
was assayed according to Shonk and Boxer (196^ )^ assay mixture 
contained: Tris HCl (pH 8.0) 200 mM; MgCl2, 10 mM; oxaloacetate, 
10 mM; NADH2, 0.24 mM and enzyme protein 0.6-1.5 /ig. 
Malic enzyme (L-malate :NADP oxidoreductase (decarboxylating EC 
1-1.1.40) was assayed according to Ochoa (1955). Assay mixture 
contained: Tris HCl (pH 7.4) , 200 mM; MnCl2, 10 mM; L-malate, 
10 mM; NADP 0.24 mM and enzyme protein 0.5-1.5 mg. 
Fumarase (L-malate hydrolyase EC 4.2.1.2) was assayed according 
to the method of Racker (1950). The reaction mixture consisted 
of potassium phosphate buffer (pH 7 .4 ) , 150 mM; sodium fumarate 
30 mM and enzyme protein 40-80 /ig. Increase in absorbancy was 
monitored for 3 min at 240 nm. 
Fumarate reductase (Succinate (acceptor) oxidoreductase EC 1.3.99.1). 
The assay based on that described by Prichard (1973) was performed 
with mitochondria l ike preparation. Reaction mixture contained 
Tris buffer (pH 7 .2 ) , 100 mM; MgCi2, 10 mM; NADH, 0.3mM; K^ 
fumarate 10 /j mol; CaCl2, 1.5'/j mol and enzyme protein 0.5-1.5mg. 
Succinate dehydrogenase (Succinate acceptor) oxidoreductase EC 1.3.99.1) 
was assayed according to Metzger and Duwel (1973) and was performed 
with mitochondria l ike preparation. Reaction mixture contained: 
sodium potassium phosphate buffer pH 7.4, 0.2 M; EDTA 1 mg/ml, 
2,6 dichlorophenol indophenol (NaDCIP 1.5 mgp 10 ml) , sodium succi-
nate (4.05 g/25 ml) and enzyme protein 0.5-1.5 mg. The decrease 
in extinction was followed at 600 nm. 
Defination of enzyme units and specific activity 
One unit of enzyme activity is the amount of enzyme required 
to catalyse the transformation of one /j mole of substrate or the 
formation of one p mole of product per min under specified experi-
mental conditions. Specific activity of al l the enzymes is expressed 
as units per mg protein. The extinction for the oxidation or reduct-
ion of pyridine nucleotides was measured at 340 nm while the in-
crease in optical density in fumarase assay was recorded at 240 
nm. 
An extinction coefficient of 6.22x10^ cm^/mole (Horecker 
and Kornberg, 1948) at 340 nm was used to calculate the amount 
of reduced NAD or NADP. 
For fumarase the molar extinction coefficient was 2.44xl0^m~'M"' 
(Mahler et , 1958) at 240 nm. 
For succinate dehydrogenase the molar extinction coefficient 
6 2 was 2.06x10 cm /molar at 600 nm. 
The following general equation was applied for calculating 
enzyme activity 
lU = OD/min x TRMV x DF 
Extinction coefficient 
where lU = International unit 
OD/min = change in optical density/min 
TRMV = Total reaction mixture volume 
DF = Dilution factor of enzyme used. 
Protein determination 
Protein content in different subcellular fractions as w.ell 
as column eluates (obtained during enzyme purification) was monitored 
spectrophotometrically according to Layne (1957) or colorimetrically 
by the method of Lowry et (1951) using bovine serum albumin 
as reference standard. 
Effect of a few filaricidal drugs on the enzymes- of PEP- succinate 
pathway 
The action of a few antifi larial agents v i z . , DEC,centperazine 
CDRI compound 72/70, levamisole and suramin on the different enzyme 
of PEP- succinate pathway was studied by preincubating the enzyme 
preparation with the test compound for 15 min at room temperature 
(28±2°C) in the desired buffer and then determining the residual 
enzyme activity in the usual way. 
Some studies were also conducted by incubating motile 
S.cerv i at 37°C for 3-6 hr with varying concentrations of the test 
compounds. After the desired period of incubation, the worms 
were removed from the medium, washed with saline to remove the 
drug adhering to the cuticle and then homogenised in ice cold KCi 
(150 mM, 1:10 w/v) . The homogenate was centrifuged at 3000xg 
(15 min) and the activity of various enzymes was determined in 
the ce i i - f ree supernatant according to the procedure described 
ear i ier . Controls were simultaneously run with each drug. Since 
maximum ef fect was observed with 5 mM concentration of the drugs 
during 3 hours of incubation, data for this schedule have been 
recorded in the tables. 
Purification and characterisation of phosphoenol pyruvate carboxy-
kinase 
The following steps were employed for partial purification 
of PEPCK, an important PEP branch point enzyme found in signif i-
cant amount in S .cerv i . 
Freshly collected or frozen adult females of S.cervi were 
homogenised with ten volumes of ice cold Tris HCl buffer (50 mM, 
pH 6.5) containing DTT (1.5 mM) and PMSF (O.I mM) using a tight 
fitting tissue grinder at a speed which did not cause frothing or 
denaturation of the enzyme protein. The homogenate was centrifuged 
at 800xg for 10 min for removing cel l debris and then recentrifuged 
at 12,000xg for 30 min for obtaining post mitochondrial fraction. 
This was then subjected to ultracentrifugation using Beckman ultra 
centrifugation for obtaining PEPCK rich cytosolic fraction as described 
ear l ier . 
Step I ( Ammonium sulphate precipitation) 
The cytosolic fraction (1,05,000xg) of S.cervi was brought 
to 30% saturation with respect of (NH^)2S0j^ pH adjusted to 6.5 
1^7 
with dilute ammonia and the mixture was gently stirred for 1 hr. 
After centrifugation at ll,000xg for 30 min the precipitate was dis-
carded and further amount of was added gently to the 
supernatant with constant stirring to raise the salt concentration 
to 70% saturation. The pH was adjusted to 6.3 with dilute ammonia 
and the mixture was allowed to stand for 2 hrs at and then 
centrifuged. The supernatant was discarded and the precipitate 
was dissolved in a small volume of Tris buffer (50 mM ) containing 
DTT (1.5 mM) and PMSF (0.1 mM). 
Step II (Desalting through Sephadex G-25 column) 
Sephadex (2 g ) was soaked in about 500 ml glass disti l led 
water and kept at boiling temperature for 2 hr with intermittent 
gentle stirring. The upper layer of water containing fine particles 
of Sephadex was decanted. Fresh volume of disti l led water was 
added and the contents were left overnight for complete swelling 
of the beads which were then equilibrated with the equilibration 
buffer Tris HCl pH 6.5, 50 mM, PMSF (0.1 mM) DTT (1.5 mM) and 
packed in a glass tube for making a column size of 1 1 x 1 . c m . The 
protein fraction from Step I was then slowly layered over this 
column and washed with the same equilibration buffer and 3 ml 
eluate fractions were then collected after adjusting the flow rate 
at 3 ml/5 min. The protein content of different eluates was moni-
tored at 280 nm and the PEPCK rich fractions were pooled and 
used for aff inity chromatography. 
Step III (Blue sepharose CL-6B aff inity chromatography) 
Blue sepharose CL-6B (1 g) was soaked in glass disti l led 
water for swelling of the beads. For the regeneration of blue 
sepharose the gel was washed successively with regenerating buffers 
I and I I followed by washing with the equilibrating buffer. Buffer 
I contained: Tris HCi (pH 8.5, 100 mM) and NaCl (0.5 M) while 
buffer II contained: sodium acetate (pH 4.5, 100 mM) and NaCl (0.5M). 
The equilibrating buffer (Buffer I I I ) contained: Tris HCI (pH 6.5, 
50 mM), PSMF (100 yuM) and DTT (1.5 mM). The beads of blue 
sepharose were washed alternatively with Buffer I , Buffer II ad 
then again with Buffer I and finally with Buffer I I I . Now the washed 
beads were uniformly packed in a small glass column (5x0.5 cm) 
and desalted fraction from step I I , rich in PEPCK activity was 
layered slowly over the column. Now buffer I I I was passed through 
the column for removing unadsorbed proteins. The dehydrogenases 
bound to blue sepharose were removed by passing buffer I I I contain-
ing NADH (1 mM) equivalent to four volumes of loaded fraction. 
The adsorbed enzyme was then eluted from the column by passing 
buffer II containing 0.5, 0.75 M, 1.0 M and 1.5 M NaCl in a stepwise 
manner. The fraction eluting with 1.0 M NaCl contained maximum 
PEPCK act iv i ty . 
RESULTS AND DISCUSSION 
SECTION I 
OXYGEN UPTAKE STUDIES AND HAEMOPROTEINS IN S.CERVI 
Earlier reports concerning intermediary metabolism of para-
sit ic helminths including f i lar ia l worms considered them anaerobes 
(Bryant, 1975). However, with the progress of time more and 
more investigations were made showing that most of the parasites 
possess considerable proportion of aerobic respiration^special mention 
may be made of the recent work done with B.pahangi, A. viteae 
(Mendis and Townson, 1985), L.carinii (Ramp ^ , 1985), A.suum 
(Rodrick ^ a i . , 1982), A.gal l i (Fry , 1983), N. brasiliensis 
(Fry ^ , 1983; Paget et a l . , 1987), S.digitata (Raj et , 
1988)and A.ccylanicum (Agarwal et , 1988). Recent work concern-
ing sugar and energy metabolism on S.cervi indicated that this 
f i lar ia l worm also mediates aerobic transformation of many sub-
strates (Ghatak et , 1987; Srivastava and Ghatak, 1990). The 
work presented here was undertaken to elucidate the oxidative 
metabolic potential of S.cervi , a bovine f i lar ia l worm found in 
the intraperitoneal cavity of Indian water buffalo. 
Effect of electron transport inhibitors on motility of S.cervi: 
In order to decipher the nature of electron transport and 
bioenergetic pathways operating in this f i lar ia l worm, the effect 
of a few respiratory electron transport inhibitors (RET) on the 
motility of adult S.cervi females were studied. They were incubated 
in Ringer's solution in presence of these inhibitors (as described 
under Materials and Methods Chapter) for three hours and the 
motility was recorded following the wriggling movement of the worms. 
Two concentrations of the inhibitors, a low (1 mM) and the other 
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a high (10 mM) were used and the results obtained are depicted 
in Table 1. Controls were also run in the absence of the inhibitors. 
Sodium azide (NaN^) at 1 mM concentration caused marked 
reduction of motility soon after the addition (0 hr) whereas the 
worms became virtually inactive after 3 hrs of incubation. Sodium 
arsenite showed inhibitory effect only after 1 hr and the worms 
became immotile after 2 hr. Potassium cyanide (KCN), a potent 
poison of the respiratory chain in mammalian system, caused only 
slight inhibition of motility soon after the addition and after 3 
hr only partial inhibition of motility was observed as compared 
to control group of worms. 
Trifluoroperazine (TFP), an inhibitor of calmodulin system 
as well as mitochondrial function and 2:4-dinitrophenoi (uncoupler 
of oxidative phosphorylation) caused cessation of the wriggling 
movements, although the intensity was lower than that observed 
with NaN^ and after 3 hr the wriggling movement decreased con-
siderably. Higher concentration of TFP paralysed the worms block-
ing their movements. Salicylhydroxamic acid, amytal {blocker 
of e~ from ubiquinone to cytochrome c ) did not have any effect 
on the motility of the worms and the parasites remained active 
even after 3 hr. 
Endogenous uptake (EQc^) by female, male and mf of S.cervi: 
Table 2 shows endogenous oxygen consumption of female, 
male and mf of S .cerv i . The EQO2 values for intact mature female 
and male worms were 0.532 and 0.107 /jmol/min/mg protein. The 
Table 2: Oyxgen uptake by male, female and microfilariae of 
Setaria c e r v i . 
System yumol/min/g wet worm Uptake /imol/min/mg 
protein 
Male worm 1.95±0.n 0. 107 
Female worm 2.'f7±0.268 0.532 
Uterus free female 0 .872±0.060 0. 292 
Microfi lariae 0 -2* .575x10 
*Value expressed as yumol/min/10,000 mf. 
Table 3: Effect of substrates on the ©2 uptake by S.servi adull 
females. 
Addition Final 
concent-
ration 
(mM) 
Uptake 
yumol/min/g 
wet worms 
Remaining 
activity 
{%) 
Percent 
change 
Endogenous - 1.95 100 
Glucose 1 .21 1 .48 75 -25 
Endogenous - 2.14 100 
Succinate 1.21 2.14 100 ±0 
Endogenous - 2.51 100 
Succinate 5.00 2.18 85 -14 
Endogenous - 2.94 100 
Succinate 1 .00 2.13 122 +22 
Endogenous - 2.13 100 
Succinate 10.00 2.39 112 + 12 
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endogenous oxygen uptake by uteri - f r ee female worms and mf were 
0.292 /jmol/min/mg protein and 0.575 /jmol/min/10,000 mf respect ive ly . 
The E-QO2 when calculated in /imol g wet worms weight was highest 
for female worm 2A7±0.26S, whi le of the male was 1.95±0.11 /jmol/ 
min/g wet worms. Uteri f ree female 's E-QO2 was 0,872±0.060 /imol/ 
min/g wet worms. 
Effect of substrates on the 02 uptake by S.cervi female worms; 
Table 3 shows the e f fect of glucose and succinate on the 
endogenous oxygen uptake. .Glucose (1.21 mM) reduced consumption 
while low concentration of succinate had no e f f ec t . Higher concent-
ration of succinate (10 mM) exhibited slight r ise in uptake by 
the worms. 
Effect of KCN on incubation of S.cervi in Ringer solution (with 
and without glucose); 
Oxygen consumption by S.cerv i seems to be primarily depen-
dent on endogenous substrates and depletion of substrates is expected 
to result in decrease in E-QO2. To study this, S .cerv i were incu-
bated in Ringer solution in two sets of experiment, one containing 
glucose and the other in the absence of the sugar. Worms were 
removed from both the sets, washed and then the uptake by 
the worms was measured at 1, 2, 4 and 6 hr intervals and the 
e f fec t of KCN (0.606 mM) was also evaluated. Practical ly no d i f f -
erence in the E-QO2 values of worms was observed when incubated 
in the presence or absence of glucose (only marginal di f ference 
in E-QO2 may be seen due to the varying size of the worms). 
Table To see the dependibi l i ty of S.cervi on glucose (as sub-
strate) and the e f fect of KCN (0.606 mM). 
Addition Glucose Hours Uptake 
umol/min/ 
g wet 
wt worms 
Percent 
change 
(approx ) 
Endogenous - v e 0 1.98 • 
KCN - v e 0 0.718 -70 
Endogenous - v e 0 2.52 
KCN - v e 0 0.61 
Endogenous + ve 0 0.92if 
KCN +ve 0 0A31 -52 
Endogenous + ve 0 l.Stf 
KCN +ve 0 0.875 
Endogenous - v e 1 hr 
KCN - v e 1 hr 1.10 -60 
Endogenous - v e 1 hr 2.6^* 
KCN - v e 1 hr 0.693 
Endogenous + ve 1 hr 0.680 
KCN +ve 1 hr O.lS'f -52 
Endogenous +ve 1 hr 1.41 
KCN + ve 1 hr 0.813 
Endogenous - ve 2 hr 1.60 
KCN - v e 2 hr 0.960 
Endogenous - v e 2 hr 2.52 
KCN - v e 2 hr 0.92k 
Endogenous + ve 2 hr 2.77 
KCN +ve 2 hr 1.10 -53 
Endogenous + ve 2 hr 2.13 
KCN +ve 2 hr 1.60 
[ c o n t d . . . ] 
[Table if: contd . . . ] 
Endogenous - ve if hr 1.72 
KCN -ve U hr 0.924 -44 
Endogenous - ve k hr 1.84 
KCN -ve k hr 1.08 
Endogenous +ve hr 3.08 
KCN +ve hr 1.23 -57 
Endogenous + ve H hr 3.69 
KCN +ve 4 hr 1.66 
Endogenous - ve 6 hr 1.84 
KCN -ve 6 hr 0.887 -41 
Endogenous - v e 6 hr 1.84 
KCN -ve 6 hr 1.32 
Endogenous +ve 6 hr 1.42 
KCN +ve 6 hr 1.34 
Endogenous + ve 6 hr 1.32 -43 
KCN +ve 6 hr 0.731 
( - v e ) Ringers without glucose, (+ve ) Ringers with glucose. 
Percent change values are calculated of the mean of the 2 
determinations. 
Table 5: Effect of antifi larials on endogenous oxygen uptake 
by S.cerv i female (whole worms). 
Addition Final 
concen. 
(mM) 
Uptake 
/jmol/min/g 
wet worms 
Remaining 
activity 
(%) 
Percent 
change 
Endogenous - 1.27 100 
Suramin 3.03 0.97 76 -24 
Endogenous - 1.63 100 
DEC 3.03 1.17 71 -29 
Endogenous - 1.52 100 
Centperazine 3.03 1.09 71 -29 
Endogenous - 1.70 100 
Comp. 72/70 3.0^ 1.12 65 -35 
Table 6: Effect of varying concentrations of KCN on uptake 
by S.cerv i female whole worms. 
Addition Final 
concen. 
(mM) 
Uptake 
/jmol/min/g 
wet worms 
Remaining 
activity 
(%) 
Percent 
change 
Endogenous - 100 
KCN 0.6 1.93 67 -33 
Endogenous - 3.27 100 
KCN 1.0 1.63 50 -50 
Endogenous - 2.61 100 
KCN 2.0 1.06 -60 
Endogenous - 2.66 100 
KCN 5.0 0.80 30 -70 
Values are mean of 2 observations. 
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The e f fec t of KCN on O2 uptake by glucose +ve and - v e worms 
was not comparatively di f ferent and nearly the same range was 
observed throughout the period of incubations (Table U) showing 
the existence of glucose independent consumption pathway as 
wel l as the presence of subsequent energy reserve in the parasite. 
Effect of antifilarial druRS on EQO2 of S.cervi female worms; 
Table 5 shows the ef fect of a few f i lar ic ides and other 
inhibitors on O2 uptake by S.cerv i adult females. Suramin 3.03 
mM exhibited 24% inhibition whereas DEC and centperazine inhibited 
O2 uptake by about 29%. CDRI compound 72/70 at 3.03 mM concent-
ration recorded about 35% inhibitory e f f ec t . PEPCK, the terminal 
regulatory enzyme of PEP-succinate pathway also showed strong 
inhibition with compound 72/70 lowering enzyme activity by 
at 1 uM concentration. 
Effect of varying concentrations of KCN on respiratory pathway 
of female whole worm; 
The results of the e f fect of di f ferent concentrations of KCN 
on ©2 uptake by S.cerv i are presented in Table 6, 50 610 and 
70% inhibition of endogenous uptake was recorded with 1, 2 
and 5 mM cyanide. 
Uptake studies on cut segments of S.cervi; In view of the large 
size of S .cerv i female (6.0±1.0 cm) the worms get entangled in 
the magnet or electrode of the electrode vessel resulting in dis-
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continuous and some times interrupted O2 uptake. This problem 
was earl ier solved in case of 0. volvulus using worms which had 
been cut into pieces of I cm length (Mendis, 1985). A similar 
approach was adapted with S.cervi and O2 uptake was monitored 
using 1 cm cut segments of the worm and the ef fect of cyanide 
and substrates on O2 uptake was evaluated. 0,1 mM cyanide resulted 
in 1^ -^20% inhibition while 23-28% inhibitory ef fect was observed 
with 2.0 mM cyanide. High concentration of this poison (5 mM) 
caused 53% inhibition on S.cervi cut worms (Table 7 ) . Thus cut 
worms seem to exhibit lower sensitivity to cyanide as compared 
to whole worms. 
Effect of a few substrates on oxygen uptake by cut segments of 
S.cervi adult females: 
Different concentrations of glucose, succinate and fumarate 
were used for monitoring the O2 uptake by 1 cm cut segments of 
S.cerv i and results obtained are summarised in Table 8. Glucose 
at 1 and 5 mM concentration appears to sl ightly stimulate uptake 
of oxygen while 10 mM showed slightly inhibitory response.^contact 
with sodium fumarate (1 mM) resulted in 'fO% inhibition of O2 uptake 
while increase in the concentration of this Kreb's cycle intermediate 
(upto 10 mM) showed considerably lower inhibitory response. Sodium 
succinate at 1 and 5 mM had no activating effect on the O2 uptake. 
The other metabolic substrates did not influence EQO2 of cut worms. 
The cut segments of S.cervi thus did not yield any consistant and 
discernible pattern and hence do not of fer any distinct advantage 
over the use of whole worms. 
Table 7: Effect of varying concentrations of KCN on uptake 
using cut segments of S.cervi adult. 
Addition Final 
concen. 
(mM) 
Uptake 
yumol/min/g 
wet worms 
Remaining 
activity 
(%) 
Percent 
change 
Endogenous - 1.53 100 
KCN 0.1 1.33 86 -14 
Endogenous - 1 .70 100 
KCN 0.1 1.37 80 -20 
Endogenous - 1.63 100 
KCN 1.0 1.27 78 -22 
Endogenous - 1.89 100 
KCN 1.0 1.55 82 -18 
Endogenous - 1 .96 100 
KCN 2.0 1 .42 72 -28 
Endogenous - 1.99 100 
KCN 2.0 1.53 77 - 2 3 
Endogenous - 2.22 100 
KCN 5.0 1.03 47 -53 
Table 8: Effect of a few substrates on consumption by cut 
segments of S.cervi adult females. 
Addition Final 
concen. 
(mM) 
Uptake 
/jmol/min/g 
wet worm 
Remaining 
activity 
(%) 
Percent 
change 
Endogenous - 1.59 100 
Glucose 1.0 1.67 105 +5 
Endogenous - 1.28 100 
Glucose 1.0 112 + 12 
Endogenous - 1.28 100 
Glucose 5.0 1 AO 109 +9 
Endogenous - 1.16 100 
Glucose 5.0 1.15 104 +4 
Endogenous - 1.28 , 100 
Glucose 10.0 1.21 94 -6 
Endogenous - \A2 100 
Glucose 10.0 1.14 80 -20 
Endogenous - 1.24 100 
Sod.fumarate 1.0 0.72 58 -42 
Endogenous - 1.59 100 
Sod. f umarate 1.0 0.97 61 -39 
Endogenous - 1.63 100 
Sod.fumarate 5.0 1.30 79 -21 
Endogenous - 1.38 100 
Sod.fumarate 5.0 1.30 94 -6 
Endogenous - 1.73 100 
Sod.fumarate 10.0 1.67 96 -4 
Endogenous - 1.37 100 
Sod.fumarate 10.0 1.21 88 -12 
Endogenous - 1.85 100 
Sod.succinate 1.0 1.67 90 -10 
Endogenous 1.28 100 
Sod.succinate 1.0 1.28 100 ±0 
Endogenous - 0.97 100 
Sod.succinate 5.0 0.97 100 ±0 
Endogenous - 1.75 100 
Sod.succinate 5.0 1.54 90 -10 
EQ02 measurements of dissected body parts of S.cervi; 
S.cervi adult females were dissected for the separation 
of different body parts and immediately assessed for EQO2 using 
oxygraph. The EQO2 values for intestine, cuticle and genital tract 
were 0.0045±0.0005; 0.025±0.000'^ and 0.059±0.008 /jmol/min/mg protein 
(Table 9 ) . The e f fect of low concentration of KCN (1.21 mM) on 
intestine, genital tract and cuticle is demonstrated in Table 10. 
The most affected portion of S.cervi female was genital tract record-
ing 54% inhibition followed by intestine showing 30-34% inhibition, 
while cuticle was least affected during contact with cyanide. 
Effect of varying concentration of KCN on O2 uptake by whole worm 
and different body parts of S.cervi; 
Comparative analysis of whole worm, genital tract and cuticle 
during incubation with different concentrations of KCN (1,2 and 
5 mM) revealed almost similar pattern of inhibition of uptake 
although whole worms were more sensitive to cyanide when compared 
to genital tract or cuticle of the parasite (Table 11). 
Effect of succinate (substrate) on oxygen uptake by S.cervi; 
Table 12 shows the ef fect of high concentration of sodium 
succinate on the O2 uptake by cuticle, genital tract and adult whole 
worms. Cuticular portion of the f i lar ia l worm exhibited strong 
activation (41-60%) of oxygen consumption in presence of 10 mM 
succinate whereas no stimulation was recorded with 5 mM succinate. 
Genital tract containing mf stage of the parasite as well as whole 
worms showed slight activation with 10 mM succinate. 
Table 9: uptake by di f ferent body parts of S.cervi adult female, 
System Addition Uptake 
/jmol/min/mg protein 
Intestine Endogenous 
-do-
-do-
0.0048 
0.0040 
0.0038 
Cuticle 
-do-
-do-
-do-
0.028 
0.020 
0.029 
Genital tract -do- 0.050 
-do- 0.063 
-do- 0.063 
Table 10: Effect of KCN (0.121 m) on O2 consumption by different 
body parts of S.cerv i female. 
System Addition Final 
concen 
(mM) 
Uptake 
/jmol/min/ 
mg protein 
Remaining 
activity 
(%) 
Percent 
change 
Intestine Endogenous - 0.006 100 
KCN 1.21 0.004 66 -34 
Intestine Endogenous - 0.005 100 
KCN 1.21 0.003 70 -30 
Genital 
tract 
Endogenous 
KCN 1.21 
0.068 
0.033 
100 
48 -52 
Genital 
tract 
Endogenous 
KCN 1.21 
0.049 
0.022 
100 
44 -56 
Cuticle Endogenous - 0.016 100 
KCN 1.21 0.014 87 -13 
Cuticle Endogenous - 0.029 100 
KCN 1.21 0.023 79 -21 
Table 11: Effect of different concentrations of KCN on O2 uptake 
by di i ierem body parts oi S .cerv i . 
System Addition Final Uptake Remaining Percent 
concen ^mol/min/g act iv i ty change 
(mM) v/et wt (%) 
Genital 
tract 
Cuticle 
Endogehous 
KCN 
Endogenous 
KCN 
Endogenous 
KCN 
Endogenous 
KCN 
Endogenous 
KCN 
Endogenous 
KCN 
Endogenous 
KCN 
Endogenous 
KCN 
Endogenous 
KCN 
Endogenous 
KCN 
Endogenous 
KCN 
Endogenous 
KCN 
1.0 
1.0 
2.0 
2 . 0 
5.0 
5.0 
KO 
1.0 
2 . 0 
2 . 0 
5.0 
5.0 
0.017 
0.010 
0.020 
0.01 1 
0.027 
o . on 
0.027 
0.01 1 
0.027 
0.009 
0.013 
0.004 
0.009 
0.008 
0.013 
0.011 
0.010 
0 . 0 0 6 
0.01 1 
0.007 
0.010 
0.005 
0.010 
0.005 
100 
58 
100 
55 
100 
100 
43 
100 
3'5 
100 
31 
100 
93 
100 
90 
100 
68 
100 
66 
100 
50 
100 
50 
-42 
-45 
-57 
-57 
-65 
-69 
-7 
- 1 0 
-32 
-34 
-50 
-50 
[Table 11: c o n t d . . . . ] 
Whole 
worms 
Endogenous - 3.14 100 
KCN 1.0 1.63 152 
Endogenous - 3.27 100 
KCN 1.0 1.63 50 -50 
Endogenous - 2.61 100 
KCN 2.0 1.06 -60 
Endogenous - 3.62 100 
KCN 2.0 37 -63 
Endogenous - 2.66 100 
KCN 5.0 0.780 29 -71 
Endogenous - 2.28 100 
KCN 5.0 0.60 26 
T a b l e 1 2 : Effect of succinate on uptake by S.cervi and its 
dissected body parts. 
System Addition Finai Uptake Remaining Percent 
concen ^mol/min/g activity change 
(mM) wet tissue (%) 
Whoie 
worm 
Genitai 
tract 
Cuticie 
Endogenous 
Succinate 
Endogenous 
Succinate 
Endogenous 
Succinate 
Endogenous 
Succinate 
Endogenous 
Succinate 
Endogenous 
Succinate 
Endogenous 
Succinate 
Endogenous 
Succinate 
Endogenous 
Succinate 
Endogenous 
Succinate 
Endogenous 
Succinate 
Endogenous 
Succinate 
5.0 
5.0 
10.0 
10.0 
3.0 
5.0 
10.0 
10.0 
5.0 
5.0 
10.0 
10.0 
3.36 
2.35 
2.51 
2.08 
2.94 
3.59 
2.13 
2.39 
0.300 
0.028 
0.036 
0.033 
0.035 
0.040 
0.018 
0 . 0 2 2 
0.01 1 
0 . 0 1 1 
0.016 
0.015 
0.015 
0.024 
0.024 
0.034 
100 
70 
100 
83 
100 
122 
100 
112 
100 
93 
100 
91 
iOO 
114 
100 
122 
100 
100 
100 
94 
100 
160 
100 
141 
-30 
-17 
+22 
+ 12 
-7 
-9 
+ 14 
+22 
±0 
- 6 
+60 
+41. 
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Oxygen uptake studies using diflerent subcellular fractions and 
the effect of KCN: 
Adult worms were homogenised in ice cold sodium potassium 
phosphate buffer pH 7.2 containing 0.25 M sucrose and the sub-
cellular fractions v i z . ce l l - f ree supernatant, mitochondria l ike 
particles (MLP) and post mitochondrial fraction (PMF) were obtained 
by dif ferential centrifugation. The EQO2 values for cel l free super-
natant and PMF fraction was 0.0118+0.001 and 0.027±0.002 yumol/min/mg 
protein while MLP consumed 0.023±0.0i5 ^mol 02/min/mg protein 
(Table 13). The ef fect of KCN (1.0 mM) on uptake by these 
fractions was also studied for determining the subcellular fraction 
which was maximally affected by the respiratory poison. Cell 
f ree supernatant caused 25-^' inhibition whereas PMF and MLP 
showed only 10% inhibition of oxygen consumption. 
Oxidative activities in MLP from cuticle and effect of KCN and 
succinate; 
Since cuticuiar portion of S.cervi females showed highest 
activation with succinate, the mitochondrial fraction of cuticle 
was prepared by mechanically grinding the separated cuticle, cent-
rifuging successively at 800 g (10 min) and 15,000 g (30 min) to 
get mitochondria-rich fraction. Nearly 80% of succinate dehydro-
genase activity (or mitochondrial marker enzyme) was recovered 
in this mitochondria l ike particulate fraction (MLP) . Addition 
of succinate to the incubation medium showed about 30-^ 0^% and 
63-77% enhancement of the oxidative activity at 5 and 10 mM con-
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centration. Higher concentration of cyanide yieided poor inhibitory 
response on the uptake thereby indicating that oxidative act iv i t ies 
in MLP fraction of the cuticie were found to be insensitive to addi-
tion of KCN (5 mM). (Tar^le l^t). " 
Oxygen uptake studies using mitochondrial fraction of S.cervi females; 
The ef fect of different concentrations of substrates and a 
few other compounds on oxygen consumption by mitochondrial prepa-
ration of S.cervi is presented in Table 15. It also depicts the 
ef fect of the intermediates of PEP-succinate pathway and TCA cycle 
on the oxidative activit ies. Glucose at 1, 5 and 10 mM concentration 
did not show significant activating e f fect . Among the Kreb's cycle 
intermediates succinate caused 31, 67 and 92% stimulation of oxygen 
consumption at 1, 2 and 5 mM concentration, fumarate also showed 
33% activation whereas oxaloacetate, alpha-ketoglutarate, malate 
and pyruvate did not influence respiration by MLP. Addition of 
ascorbate (5 mM) resulted in doubling of ©2 uptake while glutamate 
enhanced oxidative activity by 43%. Addition of alpha-glycero-
phosphate, L-ornithine, putrescine and GABA did not affect the 
rate of oxidation. 
Effect of inhibitors on oxygen uptake by mitochondrial fraction 
of S.cervi: 
Different inhibitors were tested at 5 mM concentration to 
examine their ef fect on the oxygen uptake by MLP (Table 16). 
T a b l e 1 3 : Effect of KCN on uptake by subcellular fractions 
of S . ce rv i . 
System Addition Final 
conc. 
(mM) 
QO^ Remaining 
activity 
(%) 
Percent 
change 
Ce l l - f r ee 
supernatant 
Endogenous 
KCN 
Endogenous 
1.0 
0.012 
0.009 
0.012 
100 
75 
100 
-25 
KCN 1.0 0.010 83 -17 
Post 
mitochon-
dr ia l 
fraction 
Endogenous 
KCN 
Endogenous 
1.0 
0.027 
0.027 
100 
90 
100 
-10 
KCN 1.0 0.02^^ 90 -10 
Mitochon-
dr ia l 
fraction 
Endogenous 
KCN 
Endogenous 
1.0 
0.012 
0.010 
0.03if 
100 
90 
100 
-10 
KCN 1.0 0.028 93 -7 
Table Effect of KCN and succinate on 0_ uptake by mitochondrial 
fraction of cuticle of S . ce rv i . 
Addition Final 
conc. 
(mM) 
QO^ Remaining 
act iv i ty 
Percent 
change 
Endogenous - 0.010 100 
+Succinate 5.0 O.Olif l^ fO +40 
Endogenous - 0.009 100 
+Succinate 10.0 0.016 177 + 77 
Endogenous - O.OI'^ 100 
+ KCN 5.0 0.012 86 -14 
Endogenous - 0.01 I 100 
+ KCN 5.0 0.010 91 -9 
T a b l e 1 5 : Effect of different substrates on oxygen consumption 
by mitochondria-like particles from S.cervi females. 
Addition Final 
conc. 
(mM) 
QO^ Remaining 
activity 
(%) 
Percent 
change 
Endogenous - 0.01^ 100 -
+Substrates glucose 1.0 0.010 71 -29 
Endogenous - O.OII 100 
+Glucose 5.0 0.010 91 -9 
Endogenous - 0-.013 100 
+Glucose 10.0 0.013 100 0 
Endogenous - 0.013 100 
+Succinate 1.0 0.017 131 +31 
Endogenous - 0.012 100 
+ Succinate 2.0 0.020 167 +67 
Endogenous - 0.013 100 
+Succinate 5.0 0.025 192 +92 
Endogenous - 0.025 100 
+Maiate 5.0 0.025 100 0 
Endogenous - 0.018 100 
+ Fumarate 5.0 0.024 133 +33 
Endogenous - 0.025 100 
+Oxaloacetate 5.0 0.025 100 0 
Endogenous - 0.057 100 
oC -ketoglutarate 5.0 0.057 100 0 
Endogenous - 0.025 100 
+Pyruvate 5.0 0.025 100 0 
Endogenous - 0.057 100 
+Glycerophosphate 5.0 0.057 100 0 
Endogenous - 0.014 100 
+Glutamic acid 5.0 0.020 143 +43 
Endogenous - 0.009 100 
+Ascorbate 5.0 0.018 200 + 100 
Endogenous - 0.028 100 
+ L-ornithine 5.0 0.028 100 0 
[ con td . . . ] 
[Table 15: c on td . . . ] 
Endogenous _ 0. .028 100 
+Putrescine 5.0 0. .028 100 0 
Endogenous - 0, .028 100 
+GABA 5.0 0, .028 100 0 
Values are expressed in atom 0 consumed/mg protein/min; are mean 
of 3 observations in each group. 
* Average of 3 determinations. 
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Arsenite yielded 33% inhibition while l -k dinitrophenol caused only 
20% inhibition of the respiratory ac t i v i ty . This table also shows 
the ef fects of respiratory inhibitors SHAM, azide and cyanide indi-
vidually as well as their combined e f fects on O2 uptake by S.cervi 
mitochondrial preparation. Sodium azide inhibited oxidative activity 
by 35% while cyanide which was earl ier shown to be a respiratory 
poison for whole worm (Cf Table 6) showed marginal inhibition 
in MLP fraction. SHAM, 8-hydroxy quinoline and chloroquine did 
not show any inhibitory e f fec t . The combination effect of CN + 
NaN^ showed >+0% inhibition while combining CN + NaN^ + SHAM 
yielded inhibition of mitochondrial oxygen uptake. 
Effect of classical electron transport chain inhibitors on oxygen 
consumption of mitochondria like particles of Setaria cervi 
Table 17 shows the ef fect of classical electron transport 
inhibitors on mitochondria l ike particles of S.cerv i . Addition of 
NADH (1 mM) shows no change in EQO2. Rotenone (an extremely 
toxic plant product which is known to block RET complex I ) exhi-
bited 25 and 50% inhibition at 1 and 5 ;um concentration, while 
antimycin A an inhibitor of RET complex II had no ef fect on endo-
genous oxygen uptake at 1 ;LIM concentration. However, this compound 
exhibited slight inhibition of substrate (succinate) dependent oxygen 
uptake. 
Further experiments were planned to see the effect of these 
inhibitors on the electron transport system of S.cervi (Table 18). 
Rotenone at 5 /JM depresses endogenous oxyge uptake by 50%. Addition 
T a b l e 1 6 : Effect of electron transport inhibitors and a few other 
compounds on O2 uptake by mitochondria like particle 
fractions from S.cervi adult females. 
Addition Final 
conc. 
(mM) 
QO, Remaining 
activity 
(%) 
Percent 
change 
Endogenous 
+Arsenite 5.0 
Endogenous 
+2,'t-dinitrophenol 5.0 
Endogenous 
+Azide 5.0 
Endogenous 
+Cyanide 5.0 
Endogenous 
+ SHAM 5.0 
Endogenous 
+8-hydroxy 
quinoline 5.0 
Endogenous 
+Chloroquine 5.0 
Endogenous 
+Cyanide 5.0 
+CN+NaN^ 5.0 
Endogenous 
+Cyanide 5.0 
+CN+NaN^ 5.0 
+CN^NaN^+SHAM 5.0 
0.0^3 
0.029 
0.021 
0.017 
0.043 
0.028 
0 .022 
0.019 
0.022 
0 .022 
0.022 
0.022 
0.021 
0.021 
0.022 
0.017 
0.014 
0 .022 
0.017 
0.013 
0 .008 
100 
67 
100 
80 
100 
65 
100 
86 
100 
100 
100 
100 
100 
100 
100 
77 
61 
100 
77 
09 
36 
-33 
-20 
-35 
-14 
-23 
-39 
-23 
-31 
-64 
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of succinate (5 mM) to this system not only by passed the inhibition 
by rotenone but it also stimulated the rate of oxygen uptake. Addi-
tion of antimycin-A inhibited the oxygen uptake by 53% at 5 pM. 
When ascorbate and TMPD (1 mM/O.I mM) were added to the system, 
they completely by passed antimycin A blockage and enhanced the 
oxygen uptake at an appreciable rate. Incorporation of azide (2 
mM) in the electrode chamber followed by cyanide (1 mM) showed 
no perceptible change in respiratory act iv i ty . 
T a b l e 1 7 : To see the effect of rotenone and antimycin and NADH 
on endogenous as well a$ succinate dependent O2 uptake. 
Addition Final 
conc. 
Uptake 
yumol/min/ 
mg protein 
Remaining 
activity 
Percent 
change 
Endogenous - 0. 027 100 
NADH 1 mM 0. 027 100 0 
None (End) - 0. 012 100 
Rote'^oue Q. ,009 75 -25 
None (End) - 0. ,018 100 
Rotenone 5 jjM 0. ,009 50 -50 
None (End) - 0. 019 100 
Antimycin 1 /jM 0. 019 100 0 
None (End) - 0. ,018 100 
Succinate 5 mM 0. ,032 177 +77 
Antimycin 1 /jM 0. ,027 87 -13 
T a b l e 1 8 : Effect of classical electron transport chain inhibitors 
on oxygen consumption of mitochondria like particles 
of Setaria ce rv i . 
Electron 
donor 
Inhibitor Concentration QO, Percent 
activity 
change 
None 
(endogenous) 
Rotenone 5 /iM 
0.010 
0.005 -50 
Succinate - 5 mM 0.021 + 110 
Antimycin A 1 /jM 0.018 -13 
5 /jM 0.010 -53 
Ascorbate - 1 mM 0.021 + 110 
+ 
TMPD 
+ 
O.I mM 
Azide 2 mM 0.021 No activity 
Cyanide 1 mM 0.021 change 
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DISCUSSION 
Oxidative degradation of carbohydrates, fats and amino acids 
ultimately converge to the final stage of cel l respiration in which 
electrons flow from organic substrates to oxygen and this process 
is utilised for the generation of ATP from ADP and phosphate. 
Helminth parasites are capable of assimilating oxygen under appro-
priate conditions, however, none of them completely oxidises the 
substrates to carbondioxide and water. These parasites are usually 
equipped with a large number of metabolic strategies to accomplish 
ATP formation via substrate level phosphorylation and electron 
transport associated phosphorylation in which an electrochemical 
gradient of protons serves as a thermodynamic force that drives 
phosphorylation of ADP to form ATP. In case of mammals in each 
turn of c i tr ic acid or Kreb's cycle four pairs of hydrogen atoms 
are removed from isocitrate, alpha-ketoglutarate, succinate and 
malate by the action of speci f ic dehydrogenases. These hydrogen 
atoms at some point donate their electrons to the electron transport 
chain and become H^ which escape into the aqueous medium. The 
electrons are transported along a chain of electron carrying molecules 
until they reach cytochrome aa^ or cytochrome oxidase which 
promotes the transfer of electrons to oxygen. In mammals the 
last step in the process of electron transport is most important 
since 4 electrons must be passed simultaneously to oxygen to yield 
two molecules of water. If is only partially reduced by accept-
ing two electrons, the product is electron 
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then the product is a superoxide radical ( : O^" ) . The partially 
reduced products of are toxic to ceils and aerobic cells protect 
themselves from superoxide and peroxide by superoxide dismutase 
and catalase. 
In helminths malate derived from carbon dioxide fixation 
in PEP and reduction by malate dehydrogenase (MDH) becomes the 
key mitochondrial substrate (Kohler, 1980, Saz, 1981). The NADH2 
dependent fumarate reduction in helminths is brought about by 
electron transport via respiratory chain complex I (NADH2-coenzyme 
Q reductase), quinone, cytochromes and succinate dehydrogenase. 
Analogous to most eukaryots, respiratory chain in helminths are 
located mainly within their mitochondria. However, the electron 
transport is mediated via multiple electron transport chains carrying 
alternative oxidases promoting the transfer of electrons to oxygen 
(Barrett, 1981; Kohler and Bachmann, 1982). 
The ef fect of respiratory inhibitors on the motility and 
©2 uptake of the bovine f i lar ia l worm S.cervi were studied to 
elucidate the nature of electron transport carriers and the role 
of aerobic respiration in energy metabolism. Two concentrations 
of inhibitors, one very low (1 mM) and the other high (10 mM) 
were employed and motile worms were incubated for 3 hr in Ringer 
medium. The results with 1 mM were adequate to see the effect 
of the inhibitors but 10 mM concentrations were also included to 
ascertain any other nonspecific e f fects . Sodium azide (an inhibitor 
of catalase enzyme) affected the motility of the parasite soon after 
addition suggesting a role for alternative oxidases or the inhibition 
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of catalase in S.cerv i thus causing the toxic 
to the parasite. Cyanide had no adverse effect on motility of 
the parasite at 1 or 10 mM concentration suggesting that typical 
mammalian cytochrome oxidase system has no significant role in 
energy generation by S .cerv i . 
Sodium arsenite, salicylhydroxamic acid (SHAM) and amyfel 
(the three inhibitors of electron transport) did not have a damaging 
ef fect on the worm movement. The negligible effect of these electron 
transport inhibitors showed that S.cervi did not have a typical 
respiratory chain and energy generation proceeds via many inhibitor 
refractory pathways. 
The endogenous oxygen uptake of male and female S.cervi 
were quite high. S.cervi adults is higher than that 
reported for B. pahangi and A. viteae (Mendis and Townson> 198^). 
The rate of endogenous respiration of .intact L.carinii was reported 
to be 2.2^ /jmol atom 0 min~'g~^ wet worm weight (Ramp and Kohler, 
1985) which is near the value observed in S.cervi (2.^^710.268). 
According to Mendis (1985) the difference in E-QO2 values of B. 
pahangi and A. viteae was related to the higher motility of the 
former as compared to the latter. A good correlation has been 
observed between the extent of aerobic mitochondrial respiration 
and aerobic/anaerobic nature of parasite 's habitat. The extent 
of different respiratory pathways can vary considerably between 
the different helminths as well as different stages in the l i f e cycle 
of a parasite (Rodrick ^ , 1982; Fry et , 1983; Fry and 
Jenkins, 1983). Diameter of the worm also seems to be a factor 
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in the O2 uptake. The thinner worms residing in the more aerobic 
environment have a typical mammalian electron transport system 
(Fry and Jenkins, 1980). The worms present in oxygen supplied 
mucosa (Ostertagia oestertagi, Trichostrongylus colubiformis, N. 
brasi l iensis) have an electron transport system similar to the mamma-
lian type. Cooperia oncophora lies on the surface of the mucosa 
and Haemonchus contortus is attached anteriorly to mucosa and mamma-
lian type of electron transport is present in them. Ascardia gall i 
found in the more anaerobic gut lumen, does not have a typical 
mammalian respiratory pathway. However, this parasite could 
support an aerobic metabolism when present in a medium of higher 
oxygen pressure. S.cervi also supported aerobic metabolism when 
taken out from the anaerobic habitat (intestinal peritoneal folds 
of cat t le ) . According to Chance (196'f) only 1-5 mm Hg pressure 
of ©2 can support aerobic transport. The intestinal gut can act 
both as aerobic (mucosa) and anaerobic (lumen) habitat. In bulk 
phase of rat intestine oxygen tension is high i . e . ^0-50 mm Hg 
(Podesta and Mettrick, 1974). It is also clear that a number of 
intestinal helminths are capable of anaerobic energy metabolism 
and fixation of CO2 (Saz, 1972; Bryant, 1972). Therefore the intes-
tinal parasitic nematodes appear to be metabolic opportunists, 
which combine versati l ity of an anaerobic as well as aerobic energy 
metabolism. 
The endogenous oxygen uptake by uteri free female S.cervi 
is lower than that of uterus containing whole worms suggesting 
that the microfilariae (mf) present in the uteri are causing consi-
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derabie oxygen uptake. The mf present in the uteri of female 
worms were separated by their release from the uteri in the Ringer 
medium maintained at 37°C for 2-3 hr. Endogenous O2 uptake was 
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demonstrated in about 10 intact mf released by above procedure. 
Mendis and Townson (1985) studied O2 uptake by 700xg pellet 
fraction of homogenised B.pahangi which on light microscopic exami-
nation showed the presence of <9x10 intact developing larvae. But 
contrary to S.cervi mf, these developing larvae present in B.pahangi 
adult females did not show any O2 uptake. These results were 
confirmed by Mendis (1985) who transferred 10^ larvae to the 700xg 
pellet fraction and obseved no increase in the uptake of oxygen. 
Mendis and Townson (1985) compared the E-QO^ values of the macro-
f i lariaemic (adult) stage of B.pahangi and A.viteae. Male populations 
of both these f i lar ia l worms showed a greater ©2 uptake when 
compared to female worms. 
Studies conducted on the ef fect of cyanide on the motility 
of S.cerv i adults showed that cyanide did not significantly affect 
the motility during incubation under vitro conditions, suggesting 
the presence of a cyanide insensitive respiratory pathway. When 
uptake studies were conducted polarographically in a closed 
system with a Clark type electrode and using varying concentrations 
of KCN (0.6, 1.0, 2.0 and 5.0 mM), about 70% inhibition of 
uptake was observed in presence of 5 mM KCN (Table 6 ) , however, 
the pathway was not blocked by lower concentration of cyanide. 
Glucose which is a substrate for the glycolytic pathway 
in S.cervi (Ghatak et , 1987) did not enhance O2 uptake showing 
that the parasite has a glucose independent respiratory pathway. 
Similar results on the ef fect of glucose, succinate or KCN was obser-
ved using whole wonms or 1 cm cut segments of S.cervi . Incubation 
of the worms in Ringer's medium with or without glucose for 6 
hr did not show any dif ference in the E-QO2 or their susceptibility 
to KCN. The parasite thus possesses considerable reserves of 
substrate that support uptake. In L.carini i which has aerobic 
respiration (Ramp e^ , 1985) observed 97.5% inhibition by cyanide 
on glucose incubated worms. 
Studies conducted with a few f i lar ic idal drugs which had 
earlier exhibited inhibitory ef fects on the enzymes of energy geherat-
ihg pathways of S.cervi did not show any significant effect on 
the uptake by S.cervi adult females. Slow permeability of 
drugs through the cuticular layers and very short duration of incu-
bation could be responsible for the lack of any observable e f fect . 
Oxygen uptake by different body parts of S.cervi (cuticle, genital 
tract and intestine) were examined to elucidate their rates of O2 
uptake and response to substrates and inhibitors. Lower concent-
ration of KCN (1.21 mM) caused inhibition while higher (5.0 
mM) yielded 67% inhibition on uptake by the genital tract. 
In case of cuticle 50% inhibition of O2 uptake was observed with 
higher concentration of cyanide. The ef fect of succinate showed 
that 10 mM concentration enhanced O2 uptake in cuticular fraction 
by ifl-60% while comparatively lesser ef fect was noticed in case 
of genital tract. The cuticle of S.cervi is permeable to water 
and non-electrolytes as observed with other nematodes (Marks 
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^ , 1968; Arthur et , 1969; Howells, 1983). However, the 
cuticular permeability may vary with larger molecules. The cuticle 
of B. pahangi and A. viteae are apparently permeable to rotenone 
(Mr = 33kA) , antimycin A (Mr 5'f8), DNP (Mr = m ) , TMPD (Mr= 
237) and sodium cyanide (Mendis and Townson, 1985), The permeat-
ion of succinate in the worm through the cuticle has been shown 
in B. pahangi and A. viteae by reversal of the rotenone inhibition 
by exogenous succinate. Oxygen uptake in whole worm or cut seg-
ments of S.cervi did not increase with the addition of succinate 
(Table 12) but it could significantly activate oxygen uptake (upto 
350%) in intact B.pahangi (Mendis and Townson, 1985). The different 
subcellular fractions (ce l l - f ree post mitochondrial and mitochondrial) 
of S.cervi showed very l i t t le inhibitory effect of cyanide on oxygen 
uptake (less than 10% in mitochondrial fraction, 10% in PMF and 
17-25% in cell f ree supernatant) indicating that cyanide insensitive 
oxygen consuming reactions are occurring in these tissues of the 
parasites. The consumption of oxygen by the worms which occurs 
in absence of glucose is most probably due to peroxidation of l ip ids 
since this activity occurs in the absence of respiratory substrates, 
the oxygen uptake observed in presence of succinate and other 
substrates uses another pathway. 
Raj et (1988) have tried to explain the presence of 
substrate-dependent cyanide insensitive oxygen uptake. It may be 
that electron transport from the flavoprotein dehydrogenases occurs 
to a common electron transfer component which could be a quinone. 
Quinones without or with small side chains are auto-oxidisable 
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more readily than natural l ipid quinones (Ramasarma and Lester, 
1960). This type of electron transfer to oxygen explains lack 
of sensitivity to cyanide and independence of a terminaJL cytochrome 
oxidase in S.cerv i . 
Oxygen uptake studies were also conducted on the mitochon-
drial pellet (15,000xg) using different substrate and inhibitors. 
This pellet was washed thrice with 0.25 M sucrose to get rid 
of the adhering substrates. These arc actually not true mitochondria 
but the fraction contains mitochondfia-like particles rich in succi-
nate dehydrogenase act iv i ty . Most of the enzymes of TCA cycle 
are present in this fraction (Agarwal et ad., 1986), however, the 
functioning of TCA cycle in this parasite as well as in other f i lar ia l 
worms is st i l l a debatable point. Effect of different concentrations 
of fumarate, succinate, glutamate and ascorbate showed increase 
in the QO2 (33-100%) suggesting the presence of a pathway of electron 
transport using these as substrates in the bovine f i lar ia l worm. 
The addition of some other intermediates of that Kreb's cycle v i z . 
malate, pyruvate, alpha-keto-glutarate, oxaloacetate as well as 
glycerophosphate, L-ornithine, putrescine and GABA did not show 
any enhancement of oxygen uptake. These compounds may not per-
meate in mitochondria or may not serve as substrates. The stimu-
lation of ©2 uptake in S.cervi with succinate and ascorbate is 
similar to that observed in L.carinii (Ramp ^ , 1985), however, 
malate is the most active participant in L.carinii and most other 
helminths for stimulated phosphorylation. S.cervi d i f fers from 
Ascaris in having succinate and ascorbate as substrates (Kohler,1982). 
67 
The e f fect of various electron transport inhibitors on oxygen 
uptake by mitochondria-like part ic les fraction showed that sodium 
azide, sodium arsenite and dinitrophenol caused 33, 33 and 20% 
inhibition of O2 uptake at 5 mM concentration. That azide is more 
toxic to this organism than other respiratory posions (eg . cyanide) , 
suggests that could be inhibiting catalase act iv i ty thus allowing 
H2O2 concentration to increase to toxic leve ls and attack unsaturated 
fatty acid components of membrane l ip ids thus damaging the membrane 
structure. 2,4-dinitrophenol at low concentration ( 3 3 - 1 6 0 /JM ) showed 
a stimulatory e f fect with B.pahangi. There is an inhibitory e f fect 
of higher concentrations of DNP in B. pahangi due to secondary 
unspecific e f fec t on respiratory electron transport (Mendis and 
Townson, 1985). 
The individual e f fects of SHAM, azide and cyanide and their 
combined e f fects were studied on the respiratory pathways of S.cerv i 
mitochondrial fraction. SHAM and cyanide alone did not inhibit 
the electron trnsport but azide alone caused significant inhibition. 
The combined e f fec t of cyanide and azide as wel l as SHAM, azide 
and cyanide increased the inhibitory response. This SHAM insensi-
t i v i t y is similar to Acanthamoeba castellani (Steven and Loyd, 
1978) where SHAM alone did not have ef fect on O2 uptake but when 
added along with cyanide the inhibition was complete. In B.pahangi 
and A. viteae two (terminal) electron transport complexes capable 
of accepting electrons from the ar t i f i c ia l electron donor couple 
(ascorbate/TMPD) are present (Mendis, 1985). One of that complexes 
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is azide sensitive while the other is azide insensitive but is sus-
ceptible to near complete inhibition by 1 mM cyanide. Similar 
type of respiratory electron transport (RET) sequences are present 
in O.gutturosa. But the ascorbate TMPD, oxidase (ATOA) act iv ity 
was partially inhibited by combination of azide and cyanide (2 
mM each) . The azide plus cyanide refractory ATOA was completely 
inhibited by 0.6 mM SHAM. These studies showed that an azide 
sensit ive, an azide insensitive (but cyanide sensitive) and a third 
azide/cyanide insensitive/but SHAM sensit ive) RET complexes are 
present in this parasite (Mendis, 1985) i . e . O.gutturosa. ' 
The inhibitory effect of rotenone (5 uM) on EQO2 suggests 
that mitochondrial substrate oxidation of S.cervi is probably mediated 
by an NADH dehydrogenase (RET complex I ) . Enhancement of 
rotenone inhibition with increasing concentration of rotenone (1-
5 uM) indicates the presence of complex A (site 1) in the parasite. 
This rotenone induced inhibitory effect on EQO2 was completely by 
passed by succinate (5 mM) which is known to transfer its electron 
to an acceptor positioned after site 1 and which provides an alter-
nate substrate in put site., pattern of rotenone inhibition and sub-
strate by pass phenomenon have been observed in A. viteae and 
B.pahangi (Mendis and Townson, 1985). 
After that there is an antimycin A inhibition and a site 
typical to the respiratory electron transport is present in S.cerv i . 
However, the rate of antimycin A inhibition was completely by 
passed by ascorbate/TMPD (1 mM/0.1 mM) speculating the possibility 
of the presence of antimycin A inhibition refractory branched pathway 
69 
in this parasite. The presence of similar complex has been reported 
in several helminths including A.ceylanicum (Agarwal et , 1988), 
A.viteae and B.pahangi (Mendis and Townson, 1985). 
The results of S.cervi cyanide/azide insensitivity deviate 
from those of intact mature mixed sex A.viteae and B.pahangi adults 
where partial inhibition of the ascorbate/TMPD oxidation by upto 
6 mM azide and the near complete inhibition of - the azide refractory 
ascorbate/TMPD oxidation by I mM cyanide. Thus azide (2 mM) 
which J in general,completely inhibits classical mammalian RET-complex 
IV, only partially inhibited the ascorbate/TMPD induced QO2 of 
B. pahangi and A. viteae macrofilariae (Mendis and Townson, 1985). 
The azide refractory ascorbate/TMPD oxidation is possibly mediated 
by an 0-type oxidase, since the ascorbate/TMPD couple is known 
to be capable of donating reducing equivalents directly to terminal 
oxidase components such as cytochrome 0 (Kohler and Bachman, 
1980; Mendis and Evans, 1984). 
It is not clear as to what extent the alternative pathways 
play a part in energy. generation of f i lar ia l worms and with no 
certain hypothesis whether these oxidative processes which have 
been linked to oxidative phosphorylation important to these parasites. 
The possible answer could be change of habitat of worms from 
anaerobic/aerobic or vice versa. 
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Haemoproteins in Setaria cervi 
The haemoproteins as eiectron carriers have been wideiy 
demonstrated both in vertebrates and invertebrates including insects 
(Hodgson, 1979; Agosin, 197^ ;^ 1982) and they play a crucial function 
in metabolism and disposition of drugs and xenobiotics. The 
enzymes and electron transport components involved in drug metabo-
lism are localised in microsomes and this system uses molecular 
oxygen and incorporates one atom of oxygen into the substrate 
while the other atom is reduced to water. Therefore it is referred 
to as a "mixed function oxidase (MFO) system". The components 
of MFO system are cytochrome P^^q > NADPH-cytochrome f^ '^ Q re-
ductase and phospholipids. Cytochrome P^ ^^ q is a major structural 
component and plays a vital role in mixed function oxidase reactions. 
Cytochrome P^^q reductase functions as a relay for the transfer 
of electrons from donors to cytochrome P^^q* Cytochrome b'^  
and cytochrome b^ reductase constitute an alternative electron 
transport chain in microsomes which is involved in desaturation 
of fatty acids as well as the supply of electron from NADH to 
cytochrome P^^g ^ot" the oxygenation reaction. However, the role 
of cytochrome b^ in modulation of drug oxidation is not universal 
and is dependent on the nature of substrate as well as the P^^q 
isoenzyme involved (Gibson and Clarke, 1986). 
Thus the system appears to be of fundamental importance 
for ai l l iving organisms. Attempts to demonstrate cytochrome 
P^^Q in protozoa have met with only limited success. The peak 
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of cytochrome P^^q was either not detected or constituted a very 
minor component, whilst large amounts of cytochrome corres-
ponding to the denatured form of cytochrome P^^q (Fujita ^ a l . , 
1973) were present (Edwards £t . , 1977). Clear evidence for 
the presence of cytochrome P^^q" in Plasmodium knowlesi (Pandey 
et a l . , 1986) and Acanthamoeba culbertsoni (Gupta et , 1987) 
has been demonstrated and enhanced leve ls may be associated with 
emerging drug resistance of some parasites (Salaganik , 1987). 
The status of cytochrome P^ ^^ g and associated drug metabolising 
enzyme is , however, not known in f i lar ia l parasites. With a view 
to study the nature of haemoproteins and their role in helminths 
respiratory electron transport some spectroscopic studies have 
been conducted using bovine f i lar ia l worm S.cerv i . 
Localisation of the haemoproteins had earlier been done 
in the cytosol of bacteria and also in f lu f f y region overlaying 
the microsomal pellet in Dendrobaens veneli (Milligan et , 1986). 
Hence in S.cervi studies were conducted on all the subcellular 
fractions of the homogenate v i z . , 800xg supernatant, 800xg cell 
debris, 15,000 xg supernatant, 15,000xg pel let , 1,05,000 xg micro-
somal pellet and l,05,000xg cytosolic fraction. 
Freshly collected S.cervi adult females were homogenised 
(20%, w/v) with sodium potassium, phosphate buffer (50 mM), 
containing EDTA (1 mM) using Potter Elvehjem tissue grinder and 
processed according to the technique of Omura and Sato (196^). 
The various subcellular fractions were analysed for heme as well 
as the haemoproteins v i z . , cytochrome b^ and cytochrome P^^q-
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Table H Haeme content in different subceliular fractions of S.cervi . 
800 g Sup Cell debris 15,000g Sup 15,000 g pellet 
0.169 0.0075 0.139 0.036 
0.169 0.0075 0.139 0.036 
0.197 
0.197 
Homogenate (20% w/v) of adult worms was made in sodium potassium 
phosphate buffer (50 mM, pH 7 A) containing EDTA (1 mM). The 
values are expressed in nmol/mg protein. 
Table 20 Cytochrome b^ content in different subcellular fractions 
of S .cerv i . 
800 g Sup 15,000xg Sup 15,000>«g pellet 
0.065 0.054 0.011 
0.074 0.062 0.012 
0.062 
Homogenate (20% w/v) of adult worms was made in sodium potassium 
phosphate buffer (50 mM, pH 7.4), containing EDTA (1 mM). The 
values are expressed in n mol/mg protein. 
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Typical heme spectrum could be observed at 556 nm in all the 
subcellular fractions (Table 19, Fig. 1,2 ) , however, there was no 
peak at l^ 5Q nm (Fig . 3 ) showing the probable absence of cyto-
chrome i^^ ^Q- F ig ' 5 shows the spectral pattern of microsomes 
and cytosolic fractions of S.cerv i . The peak at nm indicates 
the presence of cytochrombe b^ having a protoporphyrin ring. 
The peak corresppnding to cytochrome b^ was detected in the di-
thionite reduced spectra of post mitochondrial fraction (PMF) as 
well as cytosolic fraction but was not clearly discernible in the 
microsomal fraction (F ig . 5,T20).Another peak was also seen at 418nm. 
This was very surprising because if there was a typical heme 
peak at 556 nm then cytochrome P^ ^^ q should also be detectable 
so either the 'flS nm peak was a probable degraded form of cyto-
chrome P/^ 30 as reported earlier in P.knowlesi (Pandey et^  a l . , 
1986) or this cytochrome had been converted to another form which 
was showing its peak at 'flS nm. Another possibil ity could be 
that heme was being taken up from the surrounding milieu of host's 
peritoneal folds in which the worm was residing and picking up 
the nutrients for its survival . 
'In order to rule out some of these possibil it ies and to 
understand the nature of haemoproteins in S.cervi further experi-
ments were conducted. The intestinal portion was separated by 
microdissection of adult worms and homogenate (20%, w/v) of both 
intestine as well as intestine free dissected worms were made 
and haeme and cytochromes were scanned over a range of 0^0-650rm (T2I, Fig.'*), 
Diff iculty cropped up when the intestinal homogenate did not show 
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any peak at 556 nm. Next step was to see if the worms were 
taking up the haeme from the biood of the buffalo. If during 
scanning of the haemolysed buffalo blood any peak at 418 could 
be observed then positively it was due to uptake by the worms. 
However, the results were not encouraging as haemolysed blood 
did not show any peak around 418 nm. There existed another 
possibi l i ty that the peak observed at 418 nm in S.cervi was due 
to a converted or denatured form of cytochrome P^^Q- TWO protease 
inhibitors were used to prove or disprove this point of view. 
TWO separate homogenates were made in presence of phenyl methyl 
sulphonyl fluoride (PMSF, 0.1 mM) or N-ethyl maleimide (NEM, 
0.1 mM) and scanning was done over a range of 400-650 nm. Results 
showed that in either of these homogenates no peak resolved at 
450 nm whereas the 418 nm peak could st i l l be detected. Thus 
it was further proved that there was no convertible or degradable 
form of cytochrome P/^ q^ in S.cervi because if it was present 
then these protease inhibitors would have stabilised this haeme 
protein as was earlier observed in A.culbertsoni (Gupta e^ ad., 
1987). 
Table 22. shows the levels of microsomal electron varriers 
and associated enzymes in ce l l - f ree extract and post mitochondrial 
fraction of S .cerv i . Activit ies of NADH and NADPH cytochrome-
C-reductase estimated according to Gigon e^ (1969) were very 
low while the peak corresponding to cytochrome b^ was readily 
detected in both these fractions. Activit ies of NADH and NADPH 
ferricyanide reductase estimated according to Estabrook ^ 
T a b l e 2 1 Haeme content in whole worm homogenate, cuticle4 
intestine and intestine of S . c e r v i . 
Whole worm 
800 g Sup 
Cuticle + 
Intestine 
Intestine 
0.227 
0.272 
0.278 
0.07k 0 . 0 2 8 
S.cerv i was dissected to get cuticle and intestine. These were 
then homogenised in sodium potassium phosphate buffer (50 mM, 
pH 7 A ) containing EDTA (1 mM) values are expressed in nmol/mg 
protein. 
T a b l e 2 2 Leve ls of mixed function oxidase act iv i t ies and cyto-
chromes in ce l l f ree extract and post mitochondrial 
fraction of S . ce rv i . 
Parameter Cell f ree 
extract 
Post mitochondrial 
fraction 
NADH cyt .-C-reductase 
NADPH cyt.-C-reductase^ 
NADH ferr icyanide reductase'^ 
NADPH ferr icyanide reductase^ 
Cytochrome P 
Cytochrome b^ 
0.0078±0.002 
0.0054±0.003 
0.398^^+0.029 
0.2847+0.064 
ND 
0.062 
0.0325±0.0]2 
0.0283±0.005 
1.230+0.260 
0.581+0.114 
ND 
0.074 
Values are mean + SE of 3 observations. ^ 
Unites are expressed as: a = ximol cyt .C reduced min mg ^ ^ 
b = /jmol ferr icyanide reduced min" mg' 
c = n mol/mg protein 
(1972) responsible for the reduction of cytochrome b^ were present 
at appreciable l eve l . In spite of repeated attempts cytochrome 
P^^Q was not detected in microsomal or cytosolic fractions of S.cerv i . 
DISCUSSION 
The data outlined above indicates absence of cytochrome 
P^^Q in the bovine f i lar ia l worm. The dithionite reduced spectrum 
indicated a characteristic peak at nm corresponding to cyto-
chrome b^. The typical haeme spectrum showing a peak at 556 
nm was obtained by dithionite reduction. But surprisingly the 
CO difference spectrum of dithionite reduced microsomes does not 
have any peak at nm characteristic for cytochrome P^^^q. 
Presence of another peak at '^ IS nm was noticed in this spectra 
which could be of the cytochrome P^ ^^ g its denatured form. 
The typical haemoprotein spectrum observed at 556 nm in the cyto-
solic fraction may be either due to solubilisation of parasite haemo-
protein or the uptake of haeme by the parasite from its habitat. 
The second possibil ity could be ruled out somewhat due to the 
location of the habitat and surrounding medium of the parasites, 
which resided in the peritoneal folds of the cattle and the worms 
were thoroughly washed and dried between the folds of f i l ter 
paper before homogenisation. 
In view of the absence of cytochrome P^^q and certain 
drug metabolising enzymes from S.cerv i , the nature of drug detoxi-
cating system in this and related parasites is not known. Cytochrome 
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P^^g has also not been detected in Ascaris lumbricoides var suum 
(Douch, 1976), Moniezia expansa (Douch and Blair, 1975), 0.volvulus 
and A. viteae (Comley, 1985), H.contortus (Kawalik et , 1989), 
and in parasitic nematode Heligmosomoides polygyrus and free living 
nematode Panagrellus redivires (Precious and Barrett, 1989). Most 
of these helminths including S.cervi are usually l iving in the oxygen 
deficient intestine. As cytochrome P^^q mostly needs oxygen in 
the molecular form so the reason could be that anaerobic organism 
not being able to get ©2 do not have this cytochrome. Moreover, 
the absence of cytochrome P^^q and the related oxidations in hel-
minth parasites could also be useful to parasites as the oxidation 
reactions may ultimately lead to the formation of the both free 
radical intermediates and amine oxides causing damage to the tissues. 
The mechanism of detoxification of drugs by these parasites defi-
cient in P^^Q has thus become a debatable point. The mechanisms 
are yet to be thoroughly investigated and one important point could 
be that peroxidases could catalyse 0 and N-demethylations and 
oxidise sulphide to sulfoxide (Meunier and Meunier, 1985; Kobayashi 
, 1986), The peroxidases have been detected in H. polygyrus 
(Preston and Barrett, 1987), however, the presence of sufficient 
production of ^^^ ^^^ established. 
The absence of this cytochrome could be a good chemo-
therapeutic target for compounds could be designed which could 
detoxified by the host but not their helminth parasites infecting 
them. Furthermore, the drug resistance, a major role played 
by cytochrome PJ^^Q, could cease in these parasitic organisms. 
SECTION II 
PEP-SUCCINATE PATHWAY ENZYMES OF S.CERVI 
EFFECT OF ANTIFILARIALS 
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The f i lar ia l worms examined so far employ predominantly 
anaerobic metabolism of carbohydrate as the major energy yielding 
pathway. These parasites also utilise limited quantity of oxygen 
when available but they are incapable of catabolising complete oxi-
dation of substrates to carbon dioxide and yield reduced organic 
acids as end products of metabolism (Saz, 1981). Electron transport 
chains are unusual that catalyse limited terminal oxidation with 
generation of l i t t le energy (Mendis, 1985; Mendis and Townson, 1985; 
Raj et , 1988). The relat ive contribution of oxidative processes 
to energy balance in these parasites is uncertain. Earlier reports 
have shown the presence of many enzymes of anaerobic glycolysis, 
PEP-succinate pathway and TCA cycle in a few f i lar ia l worms (Ghatak 
et a l . , 1987). The PEP-succinate pathway has a crucial regulatory 
function in the channelling of carbon, regeneration of pyridine nucleo-
tides as well as generation of energy in these parasites. Inhibitors 
of PEPCK have potential as antif i larial drugs (Christie ad., 1987). 
Fumarate reductase and succinate dehydrogenase of a few helminth 
parasites have also been shown to be inhibited by certain anti-
helmintics (Prichard, 1973; Comley and Wright, 1981) suggesting 
the PEP-succinate pathway as an important target for chemotherapy. 
The present section describes the subcellular localization of some 
enzymes of PEP-succinate pathway in S.cervi adults and the effect 
of a few f i lar ic idal drugs on these enzymes. 
The distribution pattern of the enzymes of PEP-succinate 
pathway and other PEP-metabolising enzymes analysed in different 
Table 23 Distribution of the enzymes of PEP-succinate pathway 
of Setaria cerv i in different subcellular fractions (values 
are mean ± SD of 3 experiments, enzyme activity is 
expressed as units/g wet worms). 
Enzyme SOOxg 
(Sup) 
12,000xg 
(Sup) 
12,000xg 
(pe l let ) 
l,05,000xg 
(Sup) 
Phosphoenol 
pyruvate 
carboxykinase 
2.21±0.07 2.21±0.12 ND 2.12±0.10 
Pyruvate 
kinase 
1.15+0.03 1.10±0.07 ND 0.98+0.05 
Malate 
dehydrogenase 318.00+^.20 310.80+3.20 ND 308.00±2.00 
Lactate 
dehydrogenase 
21.70±0.62 21.20±0.59 ND 21 .00+0.29 
Malic 
enzyme 
0.200±0.001 0.170±0.002 ND 0,150+0.010 
Fumarase 12.20±0.16 12.20±0.09 ND 12.20±0.32 
Succinate 
dehydrogenase 
0.32±0.02 ND 0.34±0.010 ND 
Fumerate 
reductase 
0.23±0.01 ND 0.20±0.020 ND 
1.8 g of worms were homogenised (10% w/v) in 150 mM KCl and 
then the enzymes were assayed according to standard assay system 
of each enzyme. Enzyme units is the amount of enzyme required 
to catalyse the transformation of one /jmole of the substrate or 
the formation of one ^imole of product per mm under specif ied experi-
mental condition. ND = Not detectable. 
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subcellular fractions of S.cervl is depicted in Table 23 Pyruvate 
kinase (PK ) , PEP-carboxy kinase (PEPCK), lactate dehydrogenase 
(LDH), malate dehydrogenase (MDH), malic enzyme and fumarase 
were localised in the cytosolic fraction ( l ,05,000xg), while succinate 
dehydrogenase (SDH) and fumarate reductase (FRD) were found to 
be present in mitochondrial fraction (12,000xg pel let ) . Among the 
soluble enzymes, MDH was most active exhibiting 308 units/g wet 
worms. Significant amounts of LDH, fumarase PEPCK and PK were 
observed while the level of malic enzyme was very low. The mito-
chondrial pellet showed the presence of 0.3'f unit of SDH and 0.20 
unit of FRD per g wet worms respect ive ly . 
The ef fect of diethylcarbamazine (DEC), centperazine, CDRI 
compound 72/70,levamisole and suramin were examined on these enzymes 
after incubation of the enzyme preparation with the test compound 
in buffer for 15 min and the results obtained are presented below. 
Pyruvate kinase; Among the f i v e f i lar ic idal compounds screened 
PK was most affected by surmain exhibiting 52% inhibition at 1 
jjM, Fig. 6b' while higher concentration of the drug (100 /JM) caused 
76% inhibition. DEC, levamisole and centperazine could reduce 
the activity of the enzyme to 50% at 10 i^M concentration. 
PEP' car boxy kinase; CDRI compound 72/70 and suramin were 
found to be most e f fect ive in reducing the activity of PEPCK than 
the remaining three f i lar ic idal compounds. CDRI compound 72/70 
showed i+r/o inhibition qt 1 /jM concentration, followed by suramin. 
100 
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Fig-6a : Effect of ant i f i lar ia ls on the enzyme act iv i ty 
of phosph^nol pyruvate carboxykinase of 
S . c e ^ 0 72/70, 0 suramin, ffl leva-
misole g centperazine @ DEC. 
c o 
j: c 
Dug conc ^ M ) 
Fig . 6b: Effect of ant i f i lar ia ls on the enzyme act iv i ty 
of pyruvate kinase of S.cerv i Q 72/70, 
[O] suramin, ® ievamisoie, ^ centperazine, 
[Z1 DEC. 
78 
while levamisole, DEC and centperazine were comparatively less 
e f f ec t i ve (Fig.6a ) . 
Lactate dehydroRcnase; Suramin exhibited maximum inhibitory action 
lowering LDH activity by 1^0% at iO /JM while CDRI compound 72/70, 
levamisole, centperazine and DEC showed 33, 31, 29 and 27 percent 
inhibition at 100 yuM concentration (Fig.7a ) . 
Maiate dehydrogenase; Maximum inhibiting effect was observed 
with suramin inhibiting MDH activity by 33% at 10 ;ulVl, while 
centperazine and levamisole showed only 19 and 7% inhibition at 
100 pM concentration and CDRI compound 72/70 was inef fect ive ( F i g J b ) . 
Fumarase; The enzyme was inhibited by very low concentration 
of suramin recording 72% decline at 1 /JM concentration while 
centperazine DEC and CDRI compound 72/70 showed 32, 32 and 20% 
inhibition respectively at 10 jjM concentration (Fig. 8b). 
Malic enzyme; Suramin and centperazine were e f fec t ive to some 
extent, the former causing 60% inhibition at 100 while 1 mM 
centperazine was required for producing 50-60% inhibition of malic 
enzyme. Levamisole DEC and CDRI compound 72/70 were ineffect ive 
against malic enzyme even at higher concentration (Fig. S a ) . 
Fumarate reductase; The enzyme was inhibited by 50 and 31% res-
pectively in pesence of 1 mM centperazine and DEC^ while levamisole 
and CDRI compound 72/70 were ineffect ive. The effect of suramin 
could not be measured as the values were out of range which was 
§ 
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Fig. 7a: Effect of anti f i iarials on the enzyme activity 
of lactate dehydrogenase of S.cervi , 0 72/70, 
0 suramin, levamisoie, m centperazine, 
[ ^DEC . 
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Fig. 7b:Effect of antif i iarials on the enzyme activity 
of malate dehydrogenase of S.cerv i , 0 72/70, 
1q1 suramin, S I levamisoie, rjn centperazine, 
@ DEC. ^ 
c o 
C I—I 
Fig.Sa: Effect of antif i larials on the activity of malic 
enzyme of S cervi_ 0 72/70, 0 suramin, 
[ f ] levamisole, j g centperazine, ^ D E C . 
c o 
£ 
C 
I—I 
« 
Pig-8b: Effect 
of 
I^ rug cone 
ect of antifi iariais on th 
fumarase S.cervi ^^t^^^ty 
E levamisole-; I S Suramin; 
DEC. centperazine, [A] 
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possibly due to the interference caused by suramin in the absorption 
of NADH2 (Table 2^). 
Succinate dehydrogenase; Suramin showed 75% inhibition of SDH 
act iv i ty at 100 /iM concentration^while centperazine and CDRI compound 
72/70 recorded 50-57% inhibition at this concentration (Table 
Effect of in vitro treatment of S.cervi adult on the enzymes of 
PEP-succinate pathway; Since suramin, centperazine and levamisole 
showed inhibitory effect on the enzymes of PEP-succinate pathway, 
attempts were made for studying the ef fects of these drugs on l i ve 
worms during _ui v i tro incubation for 3-6 hr in Ringer solution. 
Among the different concentrations (1,5 and 10 mM) of these drugs 
t r ied , significant inhibition was observed when the concentration 
of these drugs was 5 mM. At this concentration, suramin inhibited 
the mitochondrial enzymes (SDH and FRD) by 75 and 79% and the 
cytosolic enzymes (PEPCK, PK and LDH) by 35 and 41% respect-
i ve ly (Table 25. ) . Centperazine caused 62, 63% inhibition of SDH 
and FRD and 51, 3if% inhibition of MDH malic enzyme (Table 2'6 ) . 
Levamisole inhibited SDH and FRD by 65 and 33% while the activity 
of PK and MDH were lowered by ^^9 and 30% respectively (Table 
27). 
DISCUSSION 
The intermediary metabolism of parasitic nematodes has 
received wide attention during the last two decades (Saz, 1981; 
Barrett, 1983) with a view to understand the mechanism of action 
Table Effect of antifilarials/anthelmintics on the activities 
of fumarate reductase and succinate dehydrogenase of 
Setaria ce rv i . 
Addition Drug % Inhibition % Inhibition 
conc. of FRD of SDH 
(mM) 
Control* 0 0 
DEC 1,0 31 75 
0.1 17 57 
Centperazine 1.0 50 75 
0.1 Nil 57 
72/70 1.0 Nil 63 
0.1 Nil 57 
Levamisole 1.0 Nil 75 
0.1 Nil 63 
Suramin 0.1 Nil 
4 
75 
The mitochondrial extract was preincubated with the test compound 
for 15 min at 28°+2 in the buffer and the residual enzyme activity 
was determined in the usual way. 
*Control refers to the activity (FRD = 0.21+0.02, SDH = o-30±0.01) 
determined in the absence of the drug. 
TaJjle 25: Effect of vitro treatment of l i ve Setaria cervi with 
suramin on the activity of the enzymes of PEP-succinate 
pathway. 
Enzyme Control 
(>umol/ml) 
Experimental Inhibition 
(>umol/ml) (%) 
Pyruvate kinase 
Phosphoenol 
pyruvate 
carboxykinase 
Lactate 
dehydrogenase 
Malate 
dehydrogenase 
Malic enzyme 
Fumarase 
Fumarate 
reductase 
Succinate 
dehydrogenase 
0.279±0.010 
2.450±0.001 
31.800+0.001 
0.032±0.000 
0.614±0.000 
0.062±0.000 
0.174±0.001 
0.182±0.013 
1.460±0.110 
23.30±1.690 
0.02310.001 
1.780±0.084 
0.01610.003 
0.03610.009 
35 
41 
27 
29 
189(acti-
vation) 
75 
79 
Adult motile S^cervi were incubated with suramin (5 mM) in Ringer's 
solution at 37^0 for 3 hr . A 10% ( w/v) homogenate of the worms 
was made in 150 mM KCl. The activit ies of the cytosolic enzymes 
were estimated in post mitochondrial fraction, whereas the acti-
v i t ies of fumarate reductase and succinate dehydrogenase were 
determined in the mitochondrial fraction. A control batch was 
also incubated along with experimental. 
Table 26: Effect of vitro treatment of l ive Setaria cervi with 
centperazine on the activity of the enzymes of PEP-
succinate pathway enzymes. 
Enzyme Control 
(xjmol/ml) 
Experimental 
Cumol/ml) 
Inhibition 
(%) 
Pyruvate kinase 
Phosphoenol 
pyruvate 
carboxykinase 
Lactate 
dehydrogenase 
Malate 
dehydrogenase 
Malic enzyme 
Fumarase 
Fumarate 
reductase 
Succinate 
dehydrogenase 
0.616±0.05 
1.123±0.10 
2.670±0.24 
31.50±0.35 
0.027+0.01 
0.761+0.07 
0.122±0.02 
0.26910.03 
0.481±0.09 
0.984±0.09 
2.210±0.41 
15.91+2.05 
0.01810.00 
0.492+0.04 
0.04510.01 
0.10110.06 
22 
13 
17 
51 
34 
35 
63 
62 
Adult motile S. cervi were incubated with centperazine (5 mM) in 
Ringer's solution at 37°C for 3 hr. A 10% (w/v) homogenate of 
the worms who made in 150 mM KCl. The activities o'f the cyto-
solic enzymes were estimated in post mitochondrial fraction, whereas 
the activities of fumarate reductase and succinate dehydrogenase 
were determined in the mitochondrial fraction. A control patch 
was also incubated along with the experimental. 
• Table 27: Effect of iji^  v i tro treatment of l ive Setaria cerv i with 
levamisole on the activity of the enzymes of PEP~succinate 
pathway enzymes . 
Enzyme Control 
Cumol/ml) 
Experimental 
(/umol/ml) 
Inhibition 
(%) 
Pyruvate kinase 0.56+0.06 
1.24±0.25 
Phosphoenol 
pyruvate 
carboxykinase 
Malate 
dehydrogenase 
Lactate 
dehydrogenase 
Malic enzyme 
Fumarase 
Fumarate 
reductase 
Succinate 
dehydrogenase 
24.50±0.10 
1.80±0.10 
0.03+0.01 
1.63±0.12 
0.03±0.00 
0.15±0.04 
0.29±0.03 
1.2U0.22 
17.21+0.18 
1.61±0.02 
0.03±0.01 
1.28±0.51 
0.02±0.00 
0.05±0.00 
49 
30 
11 
17 
22 
33 
65-
Adult motile S. cerv i were incubated with levamisole (5 mM) in 
Ringer's solution at 37°C for 3 hr . A 10% (w/v) homogenate of 
the worms was made in 150 mM KCl. The activit ies of the cyto-
solic enzymes were estimated in post mitochondrial fraction, whereas 
the activit ies of fumarate reductase and succinate dehydrogenase 
were determined in the mitochondrial fraction. A control batch 
was also incubated along with experimental. 
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of anthelmintic drugs as well as to identify new targets for drug 
design. The major energy yielding pathway in f i lar i ids is the 
anerobic degradation of carbohydrates through the glycolyt ic sequence 
upto phosphoenol pyruvate (PEP) and subsequently to other organic 
end products which d i f fer from parasite to parasite as well as 
from the hosts harbouring them (Barrett, 1983). Respiratory electron 
transport chain has been demonstrated in Brugia pahangi, 
Acanthocheilonema viteae and Onchocerca gutturosa adult worms (Mendis, 
1985; Mendis and Towson, 1985), involving branched chain cytochrome 
chain, however, cytochromes were not detected in S. digitata (Raj 
^ , 1988). Oxygen uptake occurs when f i lar ial nematodes encounter 
oxygen but the role of oxidative metabolism is uncertain as the 
parasites as wel l as their microfilariae can survive anaerobically 
for extended period of time (Saz, 1981; Mendis, 1985). On the 
other hand anti f i lar ial agents, cyanine dyes and stibophen inhibit 
aldolase and phosphofructokinase, the two important enzymes of 
g lycolys is while suramin inhibits lactate and malate dehydrogenases 
(Mendis, 1985; Barrett, 1983), supporting a crucial role of glycolyt ic 
reactions in f i l a r ia l metabolism and their survival, succinate is 
excreted by some f i lar i ids v i z . , B. pahangi, A. viteae (Powell ^ 
, 1986) and S.cerv i (Ghatak ^ , 1987; Barrett, 1983) and 
enzyme PEPCK has been detected in many helminth parasites includ-
ing 0.volvulus (Walter and Albeiz, 1986). Inhibitors of PEP succi-
nate pathway may provide selective target for f i lar ial chemotherapy, 
depending on their relative importance in parasite onetabolism . 
S .cerv i appears to be equipped with al l the enzymes of PEP-succinate 
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pathway. The activity of some of the enzymes in S.cervi appears 
to be higher than the corresponding values reported for other hel-
minths (Ward , 1967; Prichard and Schofield, 1968; Srivastava 
^ , 1970, 1970; Srivastava and Ghatak, 1971). The level of 
PEPCK is more than that of PK in S.cerv i which is in contrast 
to the observations made in Schistosoma mansoni (Brazier and Jaffe, 
1973) and a few other nematodes (Ghatak and BattacharjrV, 1987). 
S.cervi aerobically convert about 28% glucose into lactic 
acid (Anwar ^ , 1975) and possess a PK/PEPCK ratio of around 
O.'f. Hence it appears that both glycolyt ic and PEP succinate path-
ways are operating in the bovine f i lar ia l parasite and thus it d i f fers 
metabolically from other f i lar ial worms (L.carini i and C.hawkingi) 
and resemble more closely the intestinal parasite specially with 
regard to the PEP metabolising enzymes. This difference in the 
metabolic activity of the parasite can be explained on the basis 
of the location of the parasite in the host. S.cervi l ives on the 
peritoneal folds of the intestine having relat ively low oxygen tension 
while C.hawkingi and L.carinii in heart and pleural cavity of 
crow and cotton rat respectively where there is a rich supply 
of oxygen. 
Studies on the subcellular localization of the enzymes of 
PEP-succinate pathway in S.cervi showed that PK, PEPCK, MDH, 
LDH, fumarase and malic enzyme were present in the soluble fraction 
of the homogenate. This is similar to the cytosolic localization 
of these enzymes observed in vertebrate tissues (Lehninger, 198^?). 
As in vertebrate tissues and other intestinal parasites SDH and 
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FRD were localized in mitochondrial pellet of _S. cerv i . 
In S.cervi the level of PEPCK is more than that of PK, 
which is in contrast to the observation made in S.mansoni (Brazier, 
1973) and a few other nematode parasites. This is possibly due 
to the different habitat of the parasites as S.cervi is found in 
low oxygen tension. According to Prichard (1976) in F.hepatica, 
the observed NADH stimulation of PEPCK under conditions of lower 
oxygen avai labi l i ty and higher concentration of NADH and PEP (due 
to a stimulation of PFK) the overall rate of glycolysis may fac i l i -
tate PEPCK activity to increase the supply of fumarate for regenerat-
ion of NAD and to maintain pyruvate production via MDH and MDH 
(decarboxylating) should the PK activity be insufficient due to 
a lower concentration of FDP. Thus, the net ef fect of metabolic 
control on the activit ies of PK and PEPCK would be to allow the 
enzymes to compliment each other for maintaining a steady supply 
of pyruvate in accordance with the demands for NADH to generate 
energy while allowing the parasite to adjust the flow of carbon 
to fumarate in accordance with supply of NADH and oxygen. 
The vitro effect of a few f i lar ic ides on the enzymes 
of PEP-succinate pathway was studied for identifying sensitive mole-
cular targets to provide a more rational approach for the chemo-
therapy of f i lar ias is . Among the different f i lar ic ide tested, suramin 
was most e f f ec t i ve , inhibiting PK and fumarate at 1 /JM, while 
centperazine and DEC exerted inhibitory effect on these enzymes 
at ten times higher concentration. Maximum inhibition of PEPCK 
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was achieved with CDRI compound 72/70 which lowered the enzyme 
activity by at 1 /JM concentration, while suramin was ef fect ive 
at 100 times higher concentration. Levamisole, DEC and centperazine, 
however, could inhibit the enzyme at 1 mM concentration. LDH 
was inhibited by suramin (10 /JM ), centperazine, compound 72/70 
and DEC at 100 yaM concentration, while MDH was inhibited by suramin 
(10 /JM) and levamisole and centperazine (100 /JM ). Malic enzyme 
was inhibited by 100 /JM suramin and 1 mM centperazine. Among 
the mitochondrial enzymes SDH was inhibited by suramin, centperazine, 
72/70 and levamisole at 100 yuM concentration while 1 mM centperazine 
was needed for exhibiting inhibitory ef fect on FRD. 
A study of the ef fect of these drugs on l ive worms during 
in vitro incubation indicated that suramin, centperazine and levamisole 
could exhibit inhibitory ef fect on most of the enzymes of PEP-
succinate pathway only when motile worms were incubated at 37°C 
for 3 hours at 5 mM concentration. It is quite possible that the 
cuticle of the wormis serving as a barrier for the transport of 
these drugs and hence high concentrations are needed for showing 
inhibitory ef fect on the enzymes of l iving worms. 
The biochemical mode of action of suramin (hexasodium 
3,3' ureylene-bis-8 (3-benzimido-p-toluido)-1,3,5-naphthalene sulpho-
nate) against the f i lar ial worms, hookworms and ascaris has been 
the subject of research in this laboratory as well as elsewhere. 
Studies conducted so far have indicated that suramin inhibits LDH 
from D.immitis at 6 yuM (Walter, 1979); LDH and MDH from 0.volvulus 
at 5 /iM (Walter and Shulzkey, 1980), protein kinase I from 
0. volvulus at 1 jjM (Walter and Shulzkey, 1980), phosvltin phos-
phorylating protein kinase from B.malayi, A. viteae and S.cervi 
at 30 /JM (Saxena ^ , 198^ )^, folate dehydrogenase from D.immitis 
and B. pahangi at 5 yuM (Jaffe, 1980); malic enzyme from 0. volvulus 
at 10 nM (Walter, 1982), phosphofructokinase from S.cervi at 5 
mM (Sharma et , 1987), N-acetyl-beta-D-glucosaminidase from 
S.cerv i at 30 /JM (Singh £t , 1986) and phosphatidylglycerol 
phosphate synthetase (the key enzyme in the biosynthesis of phos-
phatidyl g lycero l ) from 0. volvulus (Srivastava ^ , 1987). However, 
suramin had no inhibitory ef fect on AChE from S.cervi even at 
1 ir>M concentration (Sharma, 1988). Ail these studies were conducted 
with adult stage of these parasites. 
For onchocerciasis suramin remains the only acceptable 
macrofi laricidal drug. It also acts on adult worms of L.carini i 
(Lamler et , 1976) and W.bancrofti (Hawking, 1978). After intra-
venous injection it combines with serum proteins (histones, serum 
globulin, albumin and casein) and persists for long periods in the 
blood stream. 
Diethylcarbamazine, the currently used f i lar ic ide do. es 
not exhibit significant effect on the enzymes of PEP-succinate pathway 
from adult S .cerv i . It is a microfi laricidal agent active against 
W.bancrofti and B.malayi (Peters, 1979) as well as 0.volvulus(Hawking, 
1978). Sufficient evidence exists to show that piperazine induces 
revers ib le paralysis by acting on neuromuscular system (van den 
Bossche, 1976). Electron microscopic studies on mf of A. viteae 
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and L.carini i isolated from infected hosts indicated cellular damage 
on treatment with DEC which could be the direct effect of the drug 
or secondary manifestation of its action (Melhorn ^ , 1981). 
DEC along with other drugs (centperazine, levamisole and 
CDRI compound 72/70) significantly inhibit glucose utilization, syn-
thesis of glycogen, protein synthesizing capacity and release of 
mf from adult S.cervi females (Anwar e^ , 1978; Srivastava, 
1980). 
Comley et^  (1981) observed significant inhibition of 
SDH and FRD activit ies from A.tetraptera and A.suum during in 
v i tro incubation with 3 mM levamisole, which is in agreement with 
our findings showing that 5 mM levamisole was needed for exhibiting 
inhibitory effect on SDH and FRD of S .cerv i . 
Thus it may be concluded that suramin at low concentration 
could cause marked inhibiticn ofrcany enzymes in bovine f i lar ia l para-
sites. It is l ike ly that due to the large size of suramin an exten-
sive biochemical interaction occurs between different enzymes and 
the drug. Centperazine also showed significant inhibitory action 
on PK,LDH, fumarase and SDH and CDRI compound 72/70 was a strong 
inhibitor of PEPCK suggesting the involvement of PEP_succinate 
pathway as a possible target for their antif i larial action. 
SECTION III 
PURIFICATION AND CHARACTERISATION OF 
PHOSPHOENOL PYRUVATE CARBOXYKINASE FROM S.CERVI 
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Phosphoenol pyruvate carboxykinase (PEPCK; GTP: oxalo-
acetate carboxylyase, transphosphorylating £€<^.1.1.32) f i rst detected 
in chicken "l iver (Utter and Kurahashi, 1953) has been found to 
be active in invertebrates (Simpson and Awapara, 1966) and also 
a number of parasitic helminths (Bryant, 1975). The initial dis-
covery of PEPCK was interpreted to be an answer to the problem 
of CO^ fixation and dicarboxylic acid synthesis in l i v e r , but sub-
sequent findings strongly support the hypothesis that its primary 
importance involves catalysing the synthesis of PEP as part of 
the carbohydrate synthesis pathway. The enzyme plays a key 
role in invertebrate energy metabolism because it is a regulatory, 
terminal branch point enzyme which directs the flow of carbon 
from PEP into end products of anaerobic metabolism through PEP-
succinate pathway. Succinate formation in macrofilariae of B. pahangi 
and A. viteae involves a carboxylation reaction mediated by the 
enzyme PEPCK (Christie et , 1987). Succinate is excreted in 
increasing amounts under conditions of low glucose avai labi l i ty 
(Powel l ^ , 1987) and provided that succinate formation is 
important or vital then under these conditions the inhibition of 
PEPCK would provide a novel target for antif i larial chemotherapy. 
This enzyme has been isolated from several parasites including 
Ascaris suum muscle (van den Bossche, 1969; Wilkes ^ , 1982), 
F.hepatica (Prichard, 1976, 1980; Lloyd and Barrett, 1983), H. 
diminuta (Wilkes ^ , 1981), M.expansa (Behm and Bryant, 1975) 
and 0 . volvulus (Walter and Albiez, 1986). The present section 
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deals with the isolation of PEPCK from S .cervi female worms, 
and examination of some of the enzyme's kinetic properties. 
A comparison of various subcellular fractions obtained 
by dif ferential centrifugation indicated that PEPCK was localised 
mainly in the cytosolic fraction (data not shown). The enzyme 
was unstable in native state and was inactivated within 24 hours 
when kept at A study of the effect of a few thiol compounds 
(beta-mercaptoethanol and dithiothreitol ) on the activity of PEPCK 
indicate that both these agents activated the enzyme suggesting 
thereby the involvement of -SH groups in the catalytic reaction. 
Addition of a protease inhibitor PMSF(0.1 mM) showed stabilizing 
effect on the enzyme during storage. However, higher concentrations 
(0.5-2.0 mM) of PMSF proved to be inhibitory (Table 28 ) . 
The enzyme from S.cervi adult females was partially puri-
fied by employing a combined procedure of ammonium sulphate 
fractionation, gel f i ltration through sephadex G-25 column and a f f i -
nity chromatography on blue sepharose CL-6B. The data concerning 
the purification steps utilised and fold purification achieved at 
each step are summarised in Table 29 . The post mitochondrial 
supernatant (12,000xg) prepared by homogenising 7 g motile S.cervi 
in suspension buffer containing Tris HCl (50 mM), DTT (1.5 mM) 
and PMSF (0.1 mM) was Subjected to (NH^)2S0^ fractionation and 
the proteins precipitating between 30-70% saturation of the salt 
contained most of the original PEPCK act iv i ty . The recovery of 
117 and 164% of the enzyme in post mitochondrial fraction and 
(NH^)2S0^ fraction respectively indicates the removal of- a probable 
Table 28: Effect of phenylmethyl sulphonyl f luoride, dithiothritol 
and beta-mercaptoethanol on phosphoenol pyruvate carboxy-
kinase activity of Setaria cerv i . 
Additions Concentration Activity % Activity 
(mM) remaining 
Control - 0.279 100 
Phenylmethyl 0.1 0.258 92 
sulphonyl 
f luoride 0.5 0.219 78 
1.0 0.206 72 
2.0 0.183 66 
Control - 0.279 100 
Dithiothritol 0.5 0.361 129 
1.0 0.578 207 
1.5 0.762 273 
t .Q 0.385 137 
3.0 0.376 134 
5.0 0.370 132 
Control - 0.472 100 
Beta-mercaptoethanol 0.5 0.665 141 
10.0 0.559 118 
The enzyme was incubated with dif ferent concentrations of phenyl-
methyl sulphonyl f luoride, dithiothritol and beta-mercaptoethanol 
for 5 min each and then the enzyme activity was assayed by stan-
dard assay system. 
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Peak No. 1 Unadsorbed protein and no PEPCK 
Peak No. 2 Proteins containing LDH and MDH 
Peak No. k Rich in PEPCK 
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inhibitory factor during purification procedures. The precipitate 
was soiubiiised in a smaii volume of suspension buffer and then 
passed through a freshly prepared Sephadex G-25 column (Hx l .& 
cm) for desalting purpose. The PEPCK rich fractions were pooled 
and then slowly layered over a freshly prepared blue sepharose 
CL-6B column (5x0.5 cm) and proteins eluted with NADH (1 mM). 
The peak eluting with NADH contained LDH and MDH but was devoid 
of PEPCK act iv i ty . The proteins adsorbed on the affinity column 
were then eluted with increasing concentration of chloride in a 
stepwise manner and the elution profi le of the proteins separated 
and their act iv i t ies with respect to PEPCK are depicted in Fig, 
9. Out of the total protein peaks, the f i rst three represents 
the peaks possessing no PEPCK activity while the fourth peak 
eluting with 1.0 M chloride contained PEPCK act iv i ty . In the final 
stage of purification over 99% inactive proteins were removed and 
2k% of the original PEPCK was recovered. The enzyme was puri-
f ied over W fo lds. 
Properties of the purified enzyme: 
The protein fraction (peak of blue sepharose aff inity column) 
rich in PEPCK activity was used for studying certain properties. 
The purified enzyme was very unstable and lost activity 
when stored at -20°C in its native state, but it could be stabilised 
in presence of DTT. The enzyme was cold labile and lost 25% 
activity within a week when stored at in presence of the 
stabil isers. 
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Fig. 10 shows the pH activity curve of PPECK using two 
buffer systems/sodium potassium phosphate and Tris-HCi . The 
optimai act iv ity was recorded at pH 6.5. K^ value determined 
by studying the rates of PEPCK catalysed reaction at different 
concentrations of PEP was found to be 2.0 mM. The enzyme showed 
hyperbolic saturation curve with respect to substrate (F ig , 11 ) . 
Since GDP is necessary for the enzyme from various sources, its 
effect on PEPCK from S.cervi was investigated. Maximum activity 
was observed when 0.5 mM GDP was added to the reaction mixture 
(F ig . 12). The effect of ATP and FDP on the purified enzyme 
was also studied. ATP lowered the enzyme activity by 69% at 
^ mM while FDP registered activating ef fect when the enzyme was 
incubated for 15 min in the presence of the buffer (Fig . 13,1^). 
Since PEPCK from several sources has been shown to re-
quire Mn^^ and HCO^~ for its activity experiments were conducted 
using different concentrations of anions and cations. The purified 
enzyme from S.cervi requires 10 mM MnCl2 and 50 mM NaHCO^ for 
showing optimal activity (F ig . 15and Fig. 16 ) . MgCl2 showed inhi-
bitory ef fect as 28% activity was lost when 2 mM M^Cl^ was added 
to the reaction mixture (Fig. 17 ) . 
DISCUSSION 
The act iv i ty of the PEPCK catalysed reaction may be re-
gulated by variations in the active enzyme, which in turn, is 
under the influence of a wide variety of physiological characters. 
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PEPCK of S . ce rv i was localised mainly in the cytosol ic fraction 
of c e l l - f r e e homogenate thus resembling analogous enzyme from 
A.lumbricoides muscle (van den Bossche, 196'f). The enzyme which 
has been puri f ied by a three step purification schedule in S.cerv i 
had a recovery greater than 100% in post mitochondrial supernatant 
suggesting the presence of an inhibitory factor for the enzyme. 
Tortora cd. (1985) had ear l ier demonstrated the existence of 
an inhibit .or in DEAE sephacel fraction from yeast during purification 
of PEPCK which was identi f ied as adenylate kinase. 
Activation of S.cerv i enzyme by DTT and beta-mercapto-
ethanol suggests the involvement of sulphydryl groups in the cata-
l y t i c reaction. The corresponding enzyme from vertebrate tissue 
was also sensit ive to these thiol compounds (Utter and Kolenbrander, 
1972; Colombo e^ , 1978). Hence throughout the purification 
procedure 1.5 mM DTT was added to ensure protection of SH groups 
of PEPCK and this resulted in improved ac t i v i ty . Addition of 
protease inhibitor (PMSF, 0.2 mM) protected the enzyme from the 
proteases present in the cytosol . PMSF and DTT also ensured 
stabi l i ty during purification of PEPCK from M. dubius (Cornish 
^ , 1981), H.diminuta (Wilkes ^ , 1981) and A.suum (Wilkes 
e l ^ . , 1982). 
In general the propert ies of PEPCK from bovine f i l a r ia l 
worm did not d i f f e r markedly from the analogous enzyme from 
some helminths and vertebrate tissues mediating the same reaction. 
It has been seen that PEPCK act iv i ty in S.cerv i is controlled by 
the substrate, product and the pH. The enzyme from S.cerv i 
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showed maximal act iv i ty around pH 6.5 while the analogous enzyme 
from F.hepatica (Behm and Bryant, 1982) and H.diminuta (Prescott 
and Campbell, 1975) were optimally active between 6.0-6.5 and 
PEPCK from A.suum was active at low pH of 5.7 (Wilkes a l . , 
1982). It has been observed that as the pH is increased, the 
actual concentration of the enzyme from ail these helminths, at 
any f ixed concentration of bi carbonate, wi l l decrease. It is possible 
that this is at least partially responsible for the apparent decrease 
in carboxylation activity which is observed as pH is increased. 
As in other helminths PEPCK from S.cerv i has an absolute 
requirement for divalent metal ions and the ion of choice is Mn^ "^  
which could not be replaced by other cations l ike Mg^" ,^ Zn^^, 
2+ 24" 
Co and Cd thus showing similarity with the enzyme from chicken 
l i ve r (Kurahashi £t , 1957), E.granulosus (Agosin and Repetto, 
1965) and F.hepatica (Behm and Bryant, 1982). Among the anions, 
bicarbonate showed stimulation of the carboxylation of PEP in 
S.cerv i at 50 mM concentration while the enzyme from pig l iver 
was reported to be inhibited by the anion (Chang ^ , 1966). 
The absolute concentration of CO2 would be highest for a given 
concentration of added HCO^" at pH values below 7 and it is possible 
that the steep negative slope of the pH curve for the carboxyla-
tion reaction above this pH is due to limiting concentration of 
CO2 available as a substrate. In all these studies with HCO^" 
it is an overestimation of the CO2 because actual concentrations 
of CO2 present in the reaction mixture are lower depending on 
pH, temperature and ionic strength. 
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Among the several nucleotides investigated GDP was most 
e f f ec t ive cofactor for S.cervi PEPCK, followed by IDP while negli-
g ib le activity was observed with ADP. PEPCK for the helminths 
studied so far has a higher af f inity for GDP than IDP, however, 
IDP was more active for the enzyme from H.diminuta (Prescott 
and Campbell, 1965), A.suum muscle (van den Bossche, 1969) and 
M.simulis (McManus and James, 1975). The GTP formed from GDP 
would be utilized directly in anabolic reactions such as synthesis 
of purines and nucleic acids or transformed to ATP by nucleoside 
# 
diphosphokinase which is known to be active in F.hepatica cytosol 
(Barrett, 1975). Since GTP is an ef fect ive inhibitor of PEPCK 
in addition to being a reaction product, GDP/GTP ratios, could, 
therefore influence the enzyme's activity significantly. 
PEPCK from S.cervi displayed typical hyperbolic kinetics 
with regard to PEP and nucleotides resembling the enzyme from 
other sources. K^ values determined by studying the rates of 
PEPCK catalysed reaction at different concentrations of PEP was 
found to be 2.0 mM which is higher than the values reported 
for other helminths, v iz . 0.2'f mM for F.hepatica (Behm and Bryant, 
1982), 0.09 mM for M.expansa (Behm and Bryant, 1975 ) , 0.069 
mM for M.dubius (Cornish ^ , 1981), A.suum (Cornish a l . , 
1981) and 0.039 mM for H.diminuta (Wilkes ^ , 1981). The 
reason for the high K^ for PEP in S.cervi may be that PEPCK 
is less saturated by PEP jji v ivo l ike in F.hepatica (Behm and 
V 
Bryant, 1982), which is not in other helminths. Hence, its activity 
may l ikely to vary with the changes in PEP leve ls . 
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Thus we can infer that PEPCK • activity in S.cervi appears 
to be controlied by the concentration of its substrate and product, 
optimum pH as weil as the cofactors. In some respects the parasite 
enzyme is quite di f ferent from that obtained from vertebrate sources. 
The low j_n vivo l eve ls of PEP, are l ikely to limit the enzymes 
activity because of i ts relatively high apparent K^ (PEP) . The 
accumulated GTP which is a reaction product can also be a sensitive 
target for inhibition of the carboxylation reaction of PEP with 
a concomitant transfer of the phosphoryl group to a nucleotide 
acceptor. 
SUMMARY AND CONCLUSION 
Fi lar iasis , which has been a major health problem of 
tropical and subtropical regions of the world has gained national 
importance because of intensive industrial development and thus 
the migration of population from endemic to non endemic areas. 
'Elephantiasis' which is caused due to immunopathological reactions 
of the parasite with the host, is not fatal, but it cauconsiderable 
disabil ity and social stigma. T i l l date, no e f fect ive drug has 
been developed for curing the disease. The knowledge about 
the biochemistry of the f i lar ia l parasites is not sufficient to 
develop any e f f ec t i ve compound for curing the disease. Study 
of the cellular and metabolic machinery of the parasites can prove 
to be a fruitful target for antif i larial chemotherapy. 
The investigations which have been done so far on the 
f i lar ia l worms so far , show that there is anaerobic metabolism 
of carbohydrates for energy generation and there is consumption 
of limiting amounts of oxygen (when avai lable ) . The oxygen that 
these f i lar ia l parasites (homolactate fermentors) require is only 
for the oxidation of pyruvate to acetate and CO^ which provides 
the extra energy required for the survival of the parasite. 
The oxygen uptake studies (in relation to substrates and 
inhibitors) and the investigation of the haemoproteins which have 
a defensive mechanism against activated form of oxygen and in 
the disposition of drugs can prove a good chemotherapeutic target. 
PEP-succinate pathway enzymes and their sensitivity to the anti-
f i lar ia ls can also provide useful biochemical leads for the develop-
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ment of new drugs. The purification and characterization of the 
regulatory terminal branchpoint enzyme (PEPCK) can also prove 
useful as this enzyme channels the carbon (to succinate as end 
product) in the generation of energy in helminths. 
Due to the non avai labi l i ty of human pathogens in sufficient 
amounts, Setaria cerv i the bovine f i lar ia l worm, resembling human 
parasite in microfi larial periodicity and antigenic pattern has 
been taken for biochemical studies. 
Some preliminary experiments on oxygen uptake were under-
taken using S.cerv i (whole/cut worms) as well as its different 
body parts (cuticle/intestine/genital t ract ) . Then subcellular 
fractions including mitochondria l ike particles (MLP) were studied. 
Subsequently the E-QO2 studies on MLP were done to elucidate 
the nature of electron transport chain. 
Sodium azide (1 mM) affects the motility of S.cervi soon 
aiter the addition suggesting a role for alternative oxidases or 
inhibition of catalase. Negative effect of cyanide at 1 mM on 
the motility of the parasite also suggested the presence of cyanide 
insensitive pathway in this f i lar ia l worm. Recognised inhibitors 
l ike sodium arsenite, sal icyl hydroxamic acid (SHAM) and amytal 
did not exhibit damaging e f fect . A comparison of the endogenous 
uptake by female, male and mf stage indicated that E-QO^ 
for female, whole worm was higher than for uteri-free female 
S.cerv i . EQO2 for male is lower than that for female S.cervi . 
Mf stage also consumes considerable oxygen. 
96 
Glucose, a substrate for the glycolyt ic pathway in S.cervi 
did not enhance uptake showing that the parasite has a glucose 
independent respiratory pathway. Incubation of worms in Ringers 
medium in presence and absence of glucose for six hours did not 
show any difference in the E-QO^ values or their susceptibility 
to KCN. S.cervi thus possesses considerable reserves of sub-
strate supporting oxygen uptake. 
Earlier studies indicated in this laboratory had indicated 
that a few f i lar ic idal drugs (suramin, DEC, centperazine and CDRI 
compound 72/70) exhibited inhibitory ef fects on the enzymes of 
energy generating pathways in S.cerv i . However these drugs did 
not significantly ef fect the E-QO2 of S.cerv i . Slow permeability 
of drugs through cuticular layers and very short duration of incu-
bation could be responsible for the lack of any observable e f fect . 
The effect of varying concentration of KCN (1,2, 5 mM) on respi-
ratory pathway of female worm showed that E-QO2 was inhibited 
by ^9-72%. Since large size of the worms (it-6 cm) may lead 
to variable results for sometimes it gets entangled to electrode 
of the reaction chamber cut segments (1 cm s ize ) of S.cervi were 
also used for seeing the ef fect of cyanide and a few substrate 
l ike glucose succinate and fumarate. This did not lead to any 
consistant or discernible pattern and hence do not of fer any dis-
tinct advantage over the use of whole worms. The effect of KCN 
and succinate on E-QO^ values of different body parts (cuticle/ 
genital tract/intestine) were estimated and the results indicated 
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that cyanide was more inhibitory on whoie worms as compared 
to isolated genital tract or cuticle. Cuticular portion exhibited 
strong activation (41-60%) with succinate whereas genital tract 
and whole worm showed lower oxygen uptake. 
The mitochondria l ike particles were prepared from the 
cuticular portion of S.cerv i and tested with succinate to see the 
type respiratory electron transport chain operating in this parasite. 
Though succinate enhanced oxygen uptake, no effect of cyanide 
was observed in MLP. of cuticle. 
Subcellular fractions (cel l free supernatant, MLP and post 
mitochondrial fraction) of S.cervi whole worms were also analysed. 
MLP showed highest E-QO2 values, however, cyanide had no ef fect. 
Addition of fumarate, succinate, glutamate or ascorbate enhanced 
E-QO2 thereby suggesting the presence of an electron transport 
pathway using these as substrates. On the other hand addition 
of some intermediates of the metabolic cycle v i z . , malate, pyruvate, 
alpha ketoglutarate, oxaloacetate as well as glycerophosphate, 
L-ornithine, putrescine and GABA did not show enhancement of 
oxygen uptake. 
Comparison of the effect of sodium azide, sodium arsenite 
and 2,4-dinitrophenoi indicates that azidc was most toxic. Low 
concentrationof 2,'^-dinitrophenol showed stimulatory e f fect , whereas 
higher concentration (5 mM) exhibited inhibited which may be 
due to uncoupling of oxidative phosphorylation. Respiratory chain 
poisons (SHAM and cyanides) alone could not inhibit the electron 
transport but when combined with azidc. they showed slight inhibition. 
98 
The ef fect of a few RET inhibitors v i z . , rotenone, anti-
mycin A (substrate dependent/substrate independent), cyanide and 
azide on the MLP from S.cerv i were studied. Inhibition of rotenone 
established the presence of complex I but antimycin A, azide 
and cyanide did not show any marked effect on the respiration 
thereby suggesting the presence of refractory branched chain electron 
transport ( in addition to complex I I and I I I ) in S .cerv i , which 
are being mediated by alternative oxidase ( l ike cytochrome 0 ) 
present in the helminth parasites. It is also not clear as to 
what extent these alternative pathways contribute to the energy 
charge/relax homeostasis of these f i la r ia l parasites. 
The various subcellular fractions were analysed for haeme 
as wel l as for the haemoproteins v i z . , cytochrome b^ and cyto-
chrome ^ typical haeme spectrum could be observed at 
556 nm in al l the subcellular fractions, however, there was no 
peak at ^50 nm showing the probable absence of cytochrome P^^^q-
The peak at nm corresponding to cytochrome b^ was detected 
in the dithionite reduced spectra of post mitochondrial as wel l 
as cytosol ic fraction but was not clearly discernible in the micro-
somal fraction. A distinct peak at ^flS nm was also observed 
whichy could not be identif ied so far despite many e f forts made. 
Subcellular localization of the enzymes of PEP-succinate 
pathway in S.cerv i adults show that pyruvate kinase (PK ) , PEP-
carboxykinase (PEPCK), lactate dehydrogenase (LDH),malate dehydro-
genase (MDH), malic enzyme and fumarase were localized in the 
cytosol ic fraction whereas succinate dehydrogenase and fumarate 
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reductase were found to be of mitochondrial origin. Among cytosoiic 
enzyme MDH was most act ive exhibiting 308 units/^ wet worms. 
Significant amounts of LDH, fumarase, PEPCK and PK were observed 
while the level of malic enzyme was very low. The mitochondrial 
pellet showed the presence of and ' 020 units of FRD per 
g wet worms. Among the different f i lar ic ides screened suramin 
was most e f fec t ive inhibiting PK and fumarase at 1 mM during 
in vitro incubation while centperazine and DEC exerted inhibitory 
effect on these enzymes at 10 times higher concentration. Maximum 
inhibition of PEPCK was achieved by 72/70 lowering the enzyme 
by WZ at 1 /JM while suramin was e f fect ive at 100 times higher 
concentration. Levamisole, DEC and centperazine could not inhibit 
PEPCK at 1 mM. LDH was inhibited by suramin (10 /iM),centperazine 
levamisole, compound 72/70 and DEC at 100 /JM concentration while 
MDH was inhibited by suramin (10 /JM) and levamisole and cent-
perazine (100 /JM). Malic enzyme was maximally inhibited by 
suramin (100 /JM) and centperazine (1 mM). Among the mitochon-
drial enzymes SDH was inhibited by suramin, centperazine, compound 
72/70 and levamisole at 100 /jM concentration, while 1 mM cent-
perazine was needed for exhibiting inhibitory ef fect on FRD. 
A study of the effect of these drugs on motile worms 
during vitro incubation indicated that suramin, centperazine 
and levamisole could exert inhibitory effect on most of the enzymes 
of PEP-succinate pathway. It is quite possible that the cuticle 
of the worms is serving as a barrier for the transport of these 
drugs and low amounts are crossing the cuticle barrier. 
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Phosphoenol pyruvate carboxy kinase (PEPCK) was parti-
a l ly purified using a combined procedure 
- ' of fractionation, gel f i ltration through Sephadex 
G-25 and aff inity chromatography on blue sepharose CL-6B. Adult 
worms were homogenised in presence of DTT and PMSF for avoiding 
denaturation of the enzyme and the digestion by endoproteases. 
In the final stage of purification over 99% of inactive proteins 
were removed and 2^ % of original PEPCK was recovered. The enzyme 
was purified over 40 folds. The recovery of 117 and 164% of 
the enzyme in PMF and (NH^)2S0^ fraction indicates the removal 
of an inhibitory factor during purification procedure. Tortora 
et (1985) had earl ier demonstrated the existence of an inhibitor 
in yeast during purification of PEPCK which was identif ied as 
adenylate kinase. 
The purified enzyme was very unstable and lost most 
of its activity when stored at -20°C in its native state. However 
the enzyme could be stabilised by the addition of DTT and PMSF. 
The enzyme was cold labile and lost 25% of its activity within 
a week when stored at in presence of stabil isers. In general 
the properties of PEPCK from bovine f i lar ia l worm did not d i f fer 
markedly from the analogous enzyme from some helminths and ver-
tebrate tissuesmediating the same reaction. Optimal activity was 
recorded at pH 6.5. Km value was 2.0 mM with respect to PEP, 
the enzyme showing hyperbolic saturation curve. 0.5 mM GDP 
activated the enzyme while ATP lowered and FDP registered acti-
vating e f fect . A study of the ef fect of anions and cations indicate 
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that MnCl2 (10 mM) and bicarbonate (50 mM) were needed for 
showing optimal activity whereas MgCi2 (2 mM) showed inhibitory 
e f f ec t . 
An overview of the findings presented above in this dis-
sertation indicates that the S.cervi possesses a respiratory electron 
transport chain which deviates from the classical transport chain 
and not l ike .... the classical mammalian RET pathway. The 
cytochrome system lacks cytochrome P^^^ which can be a good 
chemotherapeutic target and compounds can be developed which 
could be detoxified by the host but not the parasite infecting 
them. Further the drug resistance a major role played by cyto-
chrome P^^Q could cease in the organism. In general the properties 
of PEPCK from bovine f i lar ia l worm did not d i f fer significantly 
from the analogous enzyme obtained from helminths and vertebrate 
hosts. The studies also indicate the sensitivity of some enzymes 
of PEP-succinate pathway to f i lar ic ida l drugs, suramin showing 
maximum ef fect . 
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